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The Naval A~via tion Depot at Cher ry Point, NCX, repairs
da r-j-d a i r cr a f t e rtg i ne b 1 a!e s Pzns to build a new engine

blwd_' r f acility capable of processing roughly :35f', hi adceE
ai rese~ntly being reviewed. We wanted in thisefot

'a crae an interac tivye atmosphere that a 1 iwa simpl1e u :_--
sovra powerful tools- capable of providing important ins igqt tcl

ths rspcins5*ib le fo-r the many dec isaions that need to be made in
such an ur"Wirt akin

A linI-ear 'pi g rrn i ing model had previously been created and
,!S ni--- Lhe ing tor'I protvide detf rrmiin ist ic model inrg o-f the

presen.. farcili ty. tiln interactive dat-a base. editor used in
conj unicti on wi th t ht- linear program leads the user through the
crention of the data f iles required to run the LP models.

B~uiliding upo~n th l~1inear proigrammin~g rtmodel ,-we crezated a
stic has tic model using the S I MAN si mul1ation so ftwa re pac 1 aqe.

- M N c hu~wn Leca~use CI NEMA , i ts an imat ion c org'an ion, ailow1
SIMA~'N modu! s to, be "'brought to i.fe ' on) a persoinal computer

scr'een. N=T4w ~w Q~ add ition to: thIe iiu-rprogramc, we-c have
crveated a simulation model and an animation of the proposed
facility.

To-- tie everything together and allow for ease of use, we
wrote two additional programrs . The f irst., written in C:
aUtrta ti ca]. Iy c reates the da ta fi1les nec essaryv to per formr the
simula tio'::n by drawing f rom~ the LP data bases . The second, wr itt~nr

in BA~SIC:, is an interactive menuing program that. callis the
specorif ic appliicatioin (and data files when appropr iate.) the, us.er
selects in response to menu prompts. This report provides th--e
details oif these efforts.



Th-e Naval Atv iat-ion D)ep~ot at Cher'ry Poi nt, NC, repairs dami'aged:
ai1rc vait enciine Ll adt-s. Present. 1 y , pl ans are in the maki1ng~ to
bu ildc -a nweng ine Lilade repati r f acili ty c apabl1e ci'f proc ess i ng
appi ii m-ately -;Sn blades per ho'ur. Our goal was to create an

n ertc t ive atmosphere that al1lo:ws simple use of severaL powerful
ca -paible of providing i mpir tant. insight. toc those

respoo-isibl1e f or the many dec isi1ons that. need to1- be made in suc h
Lo 4un , e 1 t. L - j .

P 1 ne:-.r prog1ramir:1ng mcodel1 had a).reatdy been created and is
prsn!L beingr usead to: p rovide de torm in is tic mo-deling of the

p i *e ~ fz I i tY.(n int-erac tive data base edi ter i cons unc tioc'n
wi tit inea'~r prugram leads the user through the c reation of

trie dc.-at files rtqui red t.c'- run the LP models. Ihe linear prcEgrafi
i5 ep]lainedr in detail1 in its c'wn separaite dcmn~t],

1.'l iwat-i'' in this ef fort to, Lu ild upon the 1inear
,regrammti-ing rm t-del and create' a sto--chz-astic model using the SIMAN

simlatonri-,d k-e -SIMAk was chosen. because CINEMA, its
ci.erpanioa i tion pack age , allows !- IMriN riudel tc tir e "brought
ti- li1fe!! o-n a comi'puter screen. Ton date, in addition to the
l inear p rogqram, the si mu].atici n odiz, a nd an !n1.m .t o f the
f ac iityv have been accom~plished. The part-iculztrs cf the
s 1mulIat. on and an imation are prov ided in liter ser tions

The fi1rst- thirig tha:t. needed to. be dcone va tc ge t a feel1 f a r
how much dat-a w':'uld bie p-roduc.ed an/rused by all o:f theabv

it. was desi red that all packages draw from the same data-: base of
i nfcnmri~ati on if pess ib'le . The data eati rirta e inc luded within this
rep:o-rt icated that the amicount o-f data antic lpat.eCd was not

1 gn t i canti y large enough to requ ire at. th-is point the design
any spec ial data base What was presently being created and used
by the Li near Programmi ng model and its data edi ton woulId be
adcqust~e proii ed sotc ui nor c hanges were made to take i nt a

con iderti:nadd i tional1 data required by the a iriul atio-ns nr,
necessary for the LP. These changies are currnently beinq .
Etc opished under a separate ef font.

Haying ac campl1ished the above it becaMe desirnab le 4.- make
the .:Ia.io f imu1a.iesan-d an-im:*ationsv a% SI mp Ic a 1 . pc5.5 PC b 1 a
to the end user. A program has been written for the automi-atic
creation of the files necesarry to perform the simulation. At.
present it tak:es the necessary informiat ion from the files createdi
by the LP dat~a bases and translates them into thte files necessary
to run SIMA1N. That i nfocrmation necessary fo-r the simul ations
that is not present in the LP data bases for now is drawn from
data files created separately.

1 he oinly th--ing that remi-ained at this pe'-int was to c nezat-c an
easy-to, -use interactive menu that allowed the end user to, perform
all of this from a single env i ronrent.. A menu program has been
written that callIs the program (and data f ileca when ap~rit
the user selec ts in response toc menui prompts. The neo:t page
p.:rovides a summiary of the project 3bjectives.



Frc'ject. Ob~ectives

1 Estir,atce Data RequirenentE

Za Desiq-.n ai Data B~ase if Necessary

M 2 edtv the Linelar Prog rarn Pi-og raris

b It-ppr and Lo-wer Bcounds on the L.F

E: u Ild ou . a t ioens

* 4, Out _n- _ o mu lt io Data F ile Generation:

* ~- rn t te -irulatioins

6.Bu i .d an Interactive Menu File to,- Run Everything

u Fcue No c e,'ar-v Doc uroentza:ticn
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LierProrari LDta L INEAR P R OGR7AM
Man ipul ati on F'r::grar,



The Li near Pr-g ari i nq M,-de 1

Tie Wneva Pr oramn : ng Mode ot the Naval Aviation Depot
blade and vane rework facility provides a deterministic solution
to the rc.:1ful mi ::. problem, associated with processing the various
batches of blade types on the various available- resources WhileI
it i£ not my intent to go into the details of how this program
works and what information it provides, I would like to discuss
it brief ly in the context of how it was built upon in this
project. It is the predecessor effort and portions of what was
accomiplished in tWe development of the LP was carried over into
the deeormen t of the sia mu1ation

he K'near' program provides an "optiral solut ion" to p rob len
Q! det..termini ng the optimal mix of blades by placz ±ng a prior:it y
(.,1a]e) on each blade type and ma:::imizing the return realized by
multiplying the priority of each blade type by the t Ita1 number
of blades of the respective type processed. Symbolically:

I

'ibJ ec tive Fuction: Max Z= Ci :f::i
inI

Subject To: a > + - ----------- b
11 ! 12 2 in n - I

S + a----------- b
21 22 2 r

a + a----------- b
m i t)? 2 rin n - c

Ci Friority (Value) of Processing One of Miade Type i

: I Number o Type i E:lades Frot essed

aiJ - Amount of Resource i Required to 'rocess One Blade Type j

b i = Capac ity of Resource i

This model provides a means of determining the optimal blade
mi::1< to process based on the relative measure of merit of
producing each blade type. It also provides a quick look at
whether or not resource capacities can possibly meet demand -- a
,in rilum requ Lreuents look based purely on capacity available vs.
capacity needed. It does not, however, give insight into the
dynariiics of the system -- how the system changes over time and



what impact these changes have on the overall outcoe. Nor does
it take into consideration the effects of varitability (i e.
breakdowns , etc .) The simulation was therefore written and the
an;iii&t. ion created to provide this insight



I M~ (91 uS e t w 0 t Y F~. I o f f I 1 & s th Mod elI" anld t.h e
F r' rmot. ,that are written and cormpi led separately and la~ter

1ink ed tocge the r to per fcr m a par tic ul1a r sircmulatii :n 1
The MODEL f ile is the f ile that cori'tains the sirl-1-lation1-

I C'g i c . The c oritm-ands used i n th is f ii1 e c onlt. rc 1 f Ilo-w o f ent. i t i es
through the systemi- being model led . The Model provides the
s imul1ati on f ramewor k; i t des c ribes the basic siri mul1at i c ene ri.
EH< h as' enti ty c reation, activity, and deletion. The idea here is
that regardless of how osften entites are created, how' fast thley
a re proceed. andi how of ten they are dest.royed, the simple fact

na tht. thy mus:t be created, pro-cessed~, and dest.royed T!i e
Cconatnds used in the Mo.de 1 f i I e a re c all Ied BLOU-K-S ModelI f 1 1 es
,:ire i dezn t. if ed 1--y de faulIt w ith a " . MOD" ex tensioan i n the i r f i Ile
MAWii This f ile cani be created with any te:;-:t. eli t.r that can
save in AS~C1II. Chnce c rea ted, the ModelI f il1e mus t be c oriip i l ed
usn 1 MgA ' s modl comp iler ( synta. "MODEL f il1ename.MOD" ) The

ccpiI ed Mocde I f i I e i s g9i ven a "M ::.tens iocn.

h&t E.1.pe-'rnnrt. f ile oin thce oither hanrd, with fewt' e>::cept1 ons,
-. tihy numric por tion of the simul1ation . The in f cr rn; t i onr

con"l~-Ptrd in the Enp:Fer iment f ile,. as i ts naml-e imiplies, canl be
1 c": UP'!d upon as the e:xp*:-r im,-ental prt i':' c'f the simulatio'n

prov:;i di ng the grocunds for "what if" types cf questicnis . I t. h':o id -
the J:tsa 'descr ibing such specifics as where, how many, hiw, 1':'ng,
a.nd how' often . FaramieterE. cal led for inl the mi-odel f ile., are st-ored
in the Exper irwmnt f i le . The Exper iment file alsc' sets a imL4 latic'n
I ini t.a- ( i .e , max::imum number cif queues and enti ties and

i-; [:, L t. i on run 1 'en't h )and 'let i nes output. c c'nltents . Tecoma
used- inl the e::e mn.files anre cal led ELEMENTS;. Exper iment.

files ar identi fiedl with a " .EXF" ex::tension in their file name.
This file can be created wi th any AS;CI I text4 edi tcr . Once
c rated, the E:.:ier iment f ile must be com~pile'd usaing 'SIMN ' s

e> pr mnt.comIp iler (synta.: "EXPM[ f ilenarme . EXP" ). The c':'mg' ilel
Ex::;erirrent f ile is given a ",.E" e>:.-Aension.

Once the Mnde] f ile and Ex:per'iment file have been written
arnd ccmpi led they must. be 1linked together . -SIMAN' s linker
p roig r am (s yn tax: " L INKI:ER fil1e na m e. M f i Ie n arme . E f il1en a me. P"

cc ori:' isesthis!:. Filename. M and filenamte. E are the compiled
Modlel and Ex:per iment files respec tively and filename. P is the
dlef ault1 name fc':r the 1 ii-*k ed Pro:gram f ile created by the ink ci'r

pro09181 m. (It. is; con-rvenient. (and our prac ti cc) to, use the same
I i ItnliAIE" for all Of the vario-us files c reated for each individual

£ ~mu]>+.i o di sti ngu ished cm nly by app riop ri a te ex tens ion .) T hi s



Frog:rztm f i Ile is very import an t; it is this f ile that. C an now be

used with !'-;]MAN zand CINEMAg to perform Simulation and animation

Runn i n1 thL m !-*i 1 at on'.

it. is the Prozgrami' f ile that cont-ailna the informatic!on that
the S I Ml11(N proc essor needs to per form si mul1ation . The ce:,mm'andl

"IMI f i lename . p" causes SIMAN to run the simulation usj ng the
inif':rmiation in the Progrrr2m f ile . By default., output is printed

-n I totysre o a~ IMNsv results to an- o'ut-put f 1 le
for 1later revijew, s imply use the DOS convention frredirect ion
,-: output.:( >nta2 ".SIMAN f il]enaea.p *:il~enami-e out.

Fc! cnvenence we have created a batch file to comp ile
SI: t he Mc-del an d E::p-er iment. f iles, 1Iink% them toc-geth1-er , runI'

S uM N0- the resultant. program file, and direct. the simulation
.4ipu to l an' output file T Th e b at.ch f i Ile r e14u i r es t-h at- t.h E
op +~provide a single filenlame parami-eter . It. assumes that.

al11 file1 for a given si mul1ation have a c omm~on f iienarize and use
the e.:Jns,.on coinventions outlined above. The proper syntax: is
"GO-SlIM i leneme" . Af ter creating the Output. file, GOSIMAN
delete the c ompi1led Mcdel1 and E:per1metf iles since they are noc
longer needed (any Change!-s to: the Model and E::::per irient. files

r -q 4ccre-camopi1aticrn anyway). The proo ramr- f iIe is kepct.
cih1f ut-u re useQ in an imation . B~elow is; a-: Summilary .--f the

*Ilt 1 e- .tad.,used toy 51 MAN.

The GO!S.IMAN E:-atch File

Synta:x-: GU]S I MAN f i 1. enztrie

(: \ s i ma \I I rlI 1 e % ' 1 m i:cij
c \s i r: tn L, :::pt % .1 r , t. V :c- p
c -,j. riiIa'i1 1J.i.er I' % 1

c \ 's i man \s i man M p.) % I .out

del 1 :1: m
dej ;*:

1 type %1 cut



S I Mo~N~ ro. u I .- t. in F i 1 es. SurorEPy

Cc n~n onic F i I ti. De s c r i pt. n i

fi I.einarme rd The 'Si mfu 1 a. ti cri- ModelI F i la
f il1ename~. e::p The Simuliat-ion E:pen rient. F1ile
f ii ename . ri The Com-piled Sirmu].atioin Mcidel Fil1e
f 1 1. en z:,rne . e: The Coop il1ed Sirtu lat ion E.e e~F
t i i enare .p T1h e Sirtmu I at. icn F'rc'qraf F i Ie
f iiename~.o T'~ The im]atin Output. Fi le



The IgiDER 1 :;U I. &t.1 n

VWc hi-ve: afp'ruached the NADEP simulation in a stepwiS.C.
mannki)-ell We have c reated three scenericls: cal led for simlicity
1level 1. level 2, and level. Al 1though philc-osoph icall y the same
ft Wiitvy is be ing uiodel led. each levelA is distinguished by its
ow'n Tct of assuumpt. i ns. Somre assuimptions, were corftuic'n to all
levels:

aScheduling is urnifo-rm based oni yearl1 y induc tion quantities
Thi _ t "'-e cif schedul ing is not. a requi rei-nent o-f the

s u~1at inby any mfeank,,-s. I t. prov ides a c ompu tat. iona lliv.
czjnva-nient. e- t. il-a t and b :e c hanged if deemeld
appopiate,

t, . P~atchI a rri vals, ta chine zznd agv breaki do-wns ( when miode 11 ci
ma--chi ne and agqv r epa ir (.6when mc'd--e 11ed ), and batch
processing times are all ex<pcnential ly distributed. This
assuri-pt-icn ls cZ-an' be changed in the future if decri.ed
approcprilate.

C . Bliade hatches are proicessed first. in/first out. (FIFO).1
Ag-ain, alt-ernative processing acener icis can be used if

dsred.

Iwl v.~IIv.cie..2 LE each of these levels in mcme detai in



LevelI

L~evel1 1 is thIe impl::1.est venrsion of the s imul1ati on. P . VMG.
de'igne-d t.!- procv ide in for riie tl on f or the pl1ann ingj and
a-.pec t fi catjn of the engi ne blade rewcnk: fci lit. It al c,
represe~nts the control simulation, used to, verify Le-vel 2 chan'ges

the Wee miade I t pro vidced an in iti al1 high- level ]''i. t
miiachi nc ut 11 zat-.ions and turniaroun-d times.

f 1 owi n additi jonal. assurlpt 'Ins aRpp ly tco the l.evel 1
Si mu t -:

i 1 t n- : -1  :ne': , -1 t. n inf en r t enr i a 1 sa ( I . e ., no'
tr ncx' t at i on sys temi used to:: trzki is_ f r ba t. ches f noni- 1--,ntn
wonk en't ev to We~ nex:t. When a batch f i nihes bei2ng
prc c ess at one w: nh:cn ten it i mried i ately be,_ Ins
Fil'-Dc Ce . n g a-tt. thIe n71e;.:t Uwon1,k C en1- t. enI

2 o1ad e -a ~t ch; C.to . lo w f i.::ed I'C.U t. e S

- No breadowns

4Nc' at-tilit i i. All1 blades that st-ant.- prcicessinq comiplet-c

proncessing. There are no, losses.

E lnfin i t.& queue sizes0 Thiere is w fl'1i mi t t the nuriter of
____1 1" wit-ig iq to a pantl~ cu.Kan ki- nd of

The Ic I s i mu lation is an cor1 i shed-- using the followi,-'ng
qcener i

At Beginning

Cn ctob-Ett-chec; of hia:etypes . Mrk~~i: timre of crneati ton

Assign batch type and bat-ch size to attr ibutes.
(2n c, 1 n apt:-,r: i a te rout-c sequen ce to the batch.i

:edbct a t - f i nast s t-at. ic n i n r ou t-e s e que n ce.

At Stations

Marl:: batcth anniival time to, staticon.
Place batch in statioin queue.
Seize first availablei machinie.
Tally batch wait. timei in station queue.
Pr Pc e s s t he toa t.ch .
Release the roa c hine.
61o- to ne::-:: stat ion in route sequence-

At End

Rec ond batch total tirime in cy-.Jt n

Remoicve batch frnorr-i sirmu let-on.



L eRV~'

Level 2 is th--e mtore sc.'phistcicated version of the above
scenerio. It provides a more refined 1"kat. ri-achine
reClU ireffenl-tS, inc ludes a transpor tat ion systern, identifies aid
drops-= out. irreparable blades (attr'i tion ), and allows foil machine
and tnprtt.onsystemi- break downs.

Leve 1 2 Luilit. qradua 41l1y upon the Level 1I assuript. ions tc
i ncl1ude each of the f ollowi.ng assuri-ptioins

A trnprainSyStemf is inc luded- Batches of blades are
transpor ted between stations by the AG3Y c losest. to the
batch u;.on c omipleti±on of proceassing. Other so 1 ctic-n ru I :
aire av ai labltn

2. i. o is incl1uded . Bat-ches dirop out i rreparabile
bliades.

3.Machine and AV relii ab, iity is. inc ludledi breakdow .ns and
repA irs are mi-odall1 d using e>x:Fponenti al distributionsi
R'epa,-rs are performed by a capac itated p:ol :if repairmen.

4 Capac i tated queuei ng is a goal but as yet. [-as not.ba
-c C r !p 1 i -Zhed . Irw prey v des no simple proc edure f cr

-. c qof f ull. queues . Ba t chas a rr iviyig to full queu:*!s
WDU 1Jc haive toc be Lal1k[ed el sewhe re aor dest. roved,

T1ie level 2 .irwl at~ion is ac compl.i1shed using the fo] ~lowi ng
sc enep .o

At Beginning

Creat~e Latches: of blade types . Mark-. timie -f creation.
A s s ig Y-,t7!at ch si z e t o a n a t, tr ,i U t e'

scivapprop,1-r iate route sequence to- batch.
Star t Latch, at entrance station.

At Entrance Station

Inc rement co-unter for numL'ier of batches in system.
Queue Latches for transport to stationDrs.
Request agv for transport to first. station.
Transport to first station in sequence when agv arrives.



At Machine Stations

Mark arrival tine of batch.
Free the acv that transported the batch to the station
Place batch in station input queue.

eize a rmachine resource when available.
Record wait tine in machine (input) queue.
Process the batch.
Decrement batch size to account for attrition.
Release the machine.
Mairk machining completion ti me.
Place batch in station agv (output) queue.
Req' c.gV for tran.tanCt to ne: t stat ion.
Record wait time in agv queue when batch seizes agv.

,ran.sport to next station in sequence.

At Exit Station

Free the acv that transported the be.tch to the exit station.
Record individual batch times in syster,
Decrement counter for number of batches in system.
Reco rd batch summary times in syster,.

At Machine Breakdown Decision Blocks

Cre- :t.e e't ty to cause stat.ion breddowns
If a]] rmchines are down, dispose of the breakdown entity
(t herwise, Go to Machine Brea::down/Rep: i r :icck

Machine Breakdown/Repair Block

Decrement Nur-ber of Up Machines by 1 .
Place machine in repair queue. Mark arrival to queue.

1eize a repairarman when available.
Record wait tire in repair queue.
Repair the machine.
Free the repairriian when repair is complete.
Inc rement. # of machines by I

At AGV Breakdown Decision Blocks

Create an agv breakdown entity.
If agv is already down, dispose of breakdown entity.
Otherwise, Go to AGV E:reakdown/Repair Block.

At AGV Breakdown/Repair Block

Halt agv.
Repair the agv.
Re-activate the AGV after repair.



Level 3

Althzough levels 1 and 2 were the focus of this project, it
is iorseen that an "operationa1 simu lation", level 3, will
u1ti..nately be accompiished. This level of simulation will
pri'vide information of the more day to day nature, useful once
the tacility has actually been, designed, built, and bec:orie
oper-ational. The following set of goals define level3'

1 . Daily (cr week ly) run.

2. lnit. i-] conditi ons tsta rtup ) accounted fo.cr

3 V:,r i b~e rt.:,u !i ng.

SU::-idE i ned scheduling of batches through the system.



Th'-e ' mulation Qut-put

The power of the silflAIation is real ized in the si mul1ation
out-pLut.. Once the Simiulation has been created and yerif ied to-- be a
rea list ic moicdel o--f the systemri bei ng analyzed, the output L at
analyzed toj determi-ine what. effect varijous dcisions and change5s
ha ve on the overall system . Al1though we were not pro vi ded w 2th
an'; cc'ncretec data to, conduct. and analyze a particula~r study (cur
goal, in fact, was not to actually analyze the system for NADEF
but to! c rea te Ex rle-ns f oot themf tc: do so t-hernse 1Iyes ), ce r t-ain
points can bie made about just What. the simulation output

The in _f o-r f-at, onSupp lied inr the si mul1at ion output. allows the
u.3e r to 1:9I' the Va. Tue oDr cost. of var icus dec is ions and

t'at t.Er )-. i vea The "what H " quest.-ions can bie answered by
input ing the appropr iate changes into the data base (which in
turn updates the !S:ItIAN ex::per iment file), re-runninig the
simriul1ation, and c ompa ring the output t.' previous sirimu tat i ns run
under di fferent condi tions If the new simvulation appears to,.
provide signi ficant-ly different result-s, a re-ani-iati:n may be
apprcopriate to provide a visual representation oif what effect the
change mak:es - In many instances, however , the effect o:f the
change can be seen very simply by analyzing the simulation
out-put-.

1 he o-ut-put. prcv ied fc'r the NADEF blade And vane rewcork
iacili1 ty can be broadly cl1assified into twoj categories: tal lieT
and disc retc change variables Tal lies arE-. more typi cal jy the
p rogrammer-defi ned statist-ics crneat-ed by the pro'grammer in the
model f Je while disc retec change variables; are typically those
tr acc:a~ d 8Atc'ra t icall y ( though possibly man ipul1a ted by) the
progra'mmer. The cout-put for both provides essentially the same
type of stati st-ical i nformiation (average value, standard
de viati aon, mni mum value, ma::<ifimum,- value ) f cr the vxr i ablIes
def ined.- Let-'s now look at h~ow this informi-ation can be used.-

'The following pages provide tables desc ribincg each of the
typo o cu tpu t displayed in the simfiulat-iocn output. The
info'rma-tion provided by these statistics can be used as a basis
f:.r ratioinal dec isions concerning such things as machine and
tranuportation system requi rement-s, batch flow tifmes , queue
si 'e';, and systefl: throughput.. Although the lis5t oif statist i,:s
provided is fairly coml-prehensive it is by no means exhaustive.-
The output. can be tailoired, once the end user djefines more
spec if ical.ly what interests him, to present most any type of
pertinent statistic desired as needs change and interests
dictate.-
A few e.x;amples will illustrate the type of information that can
be obtaineii by reviewing the simulation output.

A high ami-ount. of wait time for a machine might indicate
eitner that the demand for that resource is higher than can be
reascnatJ y ex;:pec ted or that. the machine rel iabil1ity is poor and
needs to' be imi-proved - At any rate, a potential bottleneck has
been identi fied for whatever reason. To: determine which 1of the
mrentioned po-ssibiIi ties is more likely the case, inspect the



IIU r D~ e f M :kcf i neS:: up:' sta:t I t itc f cr) the stat. io n rerreset- ng
thkt. reource I f 6 3E of the 7 a'.ai table machines on av.erage
~re -ODt. brIOk en down . i t. i s very proc-babl1e that.A mach ine rel i1ab, I i ty
ici n--t the pr Imarvy Cause of th-e prot'lem (atlthough certainly a
mf 1 no!- c con t )- i b u t'' r ) . A ye ry high ut-ic1 t.io-n of the resource
shol41d tbe anti'c ip:ated and can be ver if ied easily by inspt c t. tcw- of
the cprpratemachine util1izatioi statistic . (Be careful to
reco-nize the SIMAN util1ization statistics are e:.:pressed in terms
ojf the numbter o'ut. of the to:tal of available machines that. are
being used', nc-'t the percentage. ) Given the present. methodsi,
either addit ional capac ity needs to be added, another shift or a

s~bon~r r 'co'nsidered, or perhaps atlter'native ro-utings and
r.~''Les~away' from the b!o-tt.teneck area should be used.

The ~ '' tdstat ist-ics for agv jqueues, up tim-~e, and
ut- i za i'ipl'vid essential ly tWe same type of information as it

pLci the transpor tation systema;. The eva I luat.':r should be
caeu to real ize that an inc reased number of t-ranspoirters d:oe-=

no't neesrl translate in~t-o incr~eased throughput. Consider
f ive o'c-lock rush: hour traf f ic. The output. prov ides informi~ation
ab, 'o-4t then presently modeledi si tuat ion per focrms ; it doess not

Cl ny evaluations of possible solutions.
The "wait for repai r" statistics provides informi-ation about

maintenance resources. High wait timesa anod large rep'air Aueues
could indicate ei ther a scarce repair resource or a lo-t of

nhinec. w i.th re 1. ab 1ities that need to be iml-pro:ved , if

1he f low t.i no statisti cs provide the imnpo:'rtan t insight in t.':'
t.L4 naouidti mos-, 1-:!r the various types of blades bei1ng proc e-zz::;!'

t h I !'JCh thtIe f a 11 ty Y Flowtimes signi ficantliy higher than the
total amo~;-unt of pr-c-esi ng time might i nicate that. the blades
a-re be-ing held up1. at. and that. there is a potential bottleneck:
Perhaps the transportation system is not. efficient. Pcssib ly,
bet.. Os are lining up, for an unreliable resource. The statistics

i a abo-ve can b'e checked to ver i fy whether or not. any,. of the-ce
ar-e actuAlly the case.

nal ] ',' , the "nUmT:'e r of ba tches in sys ten" and the "number
ol ba tche-s t hro:ugh sys-ztem" pro'vide e-.,:ac tl1y what they isay the,,.
rtv ilde. If the number o:f batches in the system consistently

gr-o with longer and lo:nger simulation runs, there is c'bviousn ly
scO kci nd of c apac i ty pro:bl1em; batches aire ar rivi ng t': the systemi-
f aster than the,,, are leav.ing the systt-.e. This is a serious3
problem and machine and agv stat-istics should be studied to
deterr; ine where the problem(s) might be located. The "number ':f
batches through the systemi-" st-at istit gives an i nd icat ion cf
whether ornot de7sired throiughput is being or can be attained.-
Ci-re sh-oul d be taken when interpreting this st-atistic ; understand-
th-at iniit iatlc o'ndJi tio cns ( i. e.-, an empty system): can cause the
statistic to be artificially lo:w for short simulation runs since
it. takesi some timeir fo-.r an empty system to': ramp up to any
sign if icant levelJ of work-:



Ta'II Desc ript-iion

WAII FOR MA~CH X :The amofiunt o:f timie a batch has to wait in
queue for avai lable machine resource type X

W(Ail FOR A~iV (t X T-he ami-ount oif timi-e a batch has tio- wait ina
statioin's output queue (after processing b~y
resc~Lurce X ) for an agv to transport the L,.at-h!
to,- t he1' n e:- t. s t.at. ionI '

1VT-E Y F LOWJ IME 'Th,* amnt .-.of t. me required fo-r a batch of
blade type X to- be corfp] etely processed
through the syst erl;

:0ER~O-11 FLU01.4T IME :The - amoii-unt oif t i-ie requ ired foir b-atches of
Lcd ?ii in enera I to be completel. proc esseb-

through the systemii

:1.6 IT FUiF: REF IR :The ariiount. of time a machine must wai t when.-
down fo an avai lab le repairmi-an.



Di scret~e Changje
VzAri ab 1E Descr-i pt ion

:# IN S;TN (4!E X :The number of batches waiting for a re,:;o_-urce
type X in the stiatio'n's input. queue.

UTIL OF SJN X :The number of resource type X in use at. any
gi 1von t ime.

;# IN Ai:Y (11,1L X I ho- numibe r oi bi t hes witi i ng focr ai- adk% 11-n
the Output queue ida ter proceSSIng. JOf

14f eAGv;I: UP The numA-ber of zagv's up, (not b rok::en down ) at.

n gt id)

'i# C+ flt'v H 1. 'I1P 1 lh- number o:f mtac hines that are up (not.
Lrv1 ':4: el d I ' 6-w 1t vev t- i me.C

:11 IN REP (1 I he number of machines brok.-en down waiting
rep& ir at anVy gi ven t i -e (broken donwn.

wait ting for an avail able repair ('man.)

frJI L. 01F Rt PTiEN T he numober of repavr ien busy --t any g iven

PI C:H L-, I N '71YS I he nuribe r of ba tches thy h aly nte
syztem~ at any given point in titrrie.

E:A-I C HE,: THRU ::YS !The total number of batches processed through:
the systemi over the course of the simul atioin
run. (Ma::im(ur.I Value st'atistic of interest.
ther e.

:LOCES THRU ::;YS Samze as Batches Thru Sys except the batches
through the system are multiplied by thei r
attrited, final batch size.



Overview of I NEM(A

L-iNLN~i is the program used to c rea;.te ani edit. animatioin
f i I es. Cinema mrakes us.e of five di fferent. animation f iles: the
XLdayout." , t he "F csour ce" ,the "Ent ity" the " Transpor ter" .an-
the "Palette". The Layou t f ilIe i s the resulItant merger cif all1 of
the& fi Ve anI ima-kt. j on 1 i l es and i s used i n conjuonc t.i on w ith the
S IMA~N P'rogram f ilIe to per form a par ti culIar alli rrat ion us:ing thie
CS I MN procgram

Thtec LAY 'Cj F f 31 e i s the f i 1.e c':-,n t. R i y iilg t he Z-anl ma ti on
r 'I uvr I Eno . I i s f i 1 e, in c on i n c t. ion w i th t--e S I MAN pr' --gr V~

f 1 1 e, p'r ov i des all the i n fo rma t ion needed by- CS* I MAN to pe r f irm a.zz
F -n 1 U1 -ranimat ion. The animat ion is defined in the Lay'out.

fi1le' by the resources, entities, transpoirters, and the (:color)
p+et a+ a to the 1layout dunring a Cinema session. The layout

wa aio inclIude tex:t./t itles, 1lines def ilni ng machining
Lc11+ &i aisles, and timrs/s 'cales to trackL- sim-ulation) progress.

fut fler, are ideriti f .ec by default. with a ".LAY" ex<tension.

7he F\'ElA-1F-hE fiI.e! ic; t-he- file- Conit~i i nqli the pi ctUreE.E Cif the
r e': r esaVai 1atLe for use during an an jmaztio. TheseC resource.

drawings co'rresp:ond to the resources used in the simi-ulation. The
drawings must be created using the C:inema resource edi tcr . it.

shu1dbe emphas2Zed that the Resource fi1l1e, once c reat-ec, is
--imply a storage place for resource drawings. In order to use
these resources during an animation they must. first. be placed onl
the layout during a Cinema session. If changes are later made to
a? resource, the :11resource must. be removed friom the layout. and
the ntew, cl ianged resource must be re-placed. Resource files are
ident if ied by def ault wi th a ".RES" ex:tension.

Lhe FlnI. i tyFle

The ENTITY file is the file containing the pictures of the
entities available for use during an animation. All ent-ity is anly
object. bei ng created toy and moved through a simulation. The
entity drawings must be created using the Cinemra resource editor.

It sho~uld be emphasized that. the Enti ty file, once created, is
simply a storage place for entity drawings. In order to use
these entities during an animration they must. first. be added t~o
(though not necessarily placed on) the layout. If changes are
later made to an entity, the old entity must. be removed from the
l ayosut and the new, c hanged en tity must be added . En t ty f iles
are identified by default. with a ".ENT" e>xtAension.



The TRAN!:F;0PJRTEF: ftie is the f ile contain-ing the PIC t-Urs '--I
t he t. ran11s pcite rs a va IIable fo-jr u se du r ing a:tn an ima t io n. These
t ra&nis-r lrt -enr draw ings c or respond to the trnsnpo'rters used ii- th-
s I mu !,t tion! -1. The t~ae'rtesmust. be created using the Cinema
t r an sp :,r t-e&r edi tor It should again be emphasized that the
Transpozrt-er file, once created, is simply a storage place for
t- -r is p o r ter drawings. In order to use these transporters during
ain a~nimaition they must first be added to (though not necessarily
placed on) the layout. If changes are later made to a

tranvj'nt-er, the ol d transpor ten must. Li:e removed from the layout
-n t+'e rew,- changed transponter Must be addedJ. Tasot
f Ll-:- cO ' dentif ied by default. with a ".-TRA"e:-ten -

The-F,let 1 IFil e:

Th PALETTE file is the file co:ntaining the si:.::t.een color
palette available for use during an animation The Palette file
maiy be edi ted using the Cinema palette edi tor . Hf no palette is
defijned, the default palette is used (DEFAULT.PAL) . As with the
othe.r fi1les, the Palette file is simply a storage place for the
colo1r palette.- In order for an cdi ted pa lette to be used durig

an7;oat)n it must f irnst be added to the layout . if chang~es
are ma~de to t-he colon palette, it must. be re-added to the layout..-

- f1 Y l I are i dent- if ed by default wit-h a " .PAL" e::tes c

The GO( INEMrA Bat-.[, File:_

A C-~nefia edi t.ing session is started by typing "CINEMA" at a
DOU-7 prk.-m-t. in f-he dirnectony containing the "CINEMA.EXE" file.
Dbvj'IL'us lyv if the directory containing "C:INEMA.EXE" is in the

-- u . ntDii: pat h, yo~u c an execcute Ci nema f r om any DOS; prompt.
In cc Ci nemai has star ted the indi1vidual1 files. to: be loaded an']
edi ted. -The files can alternatively be loaded upon e::tecutio--n of
C ineim: . by Prov"iding the filenames as parameters (synta::f: "'CINEMA
f ilint)me Ilay f 1 ename -r es f iiena-e . en t f iienaame .tra

f~ 1e-w-omy Fa1") . e have created a batch f ile to siml if y this
Thei GOC:INEMA batch file accepts one parameter, "filename". The
proper syntax is "GOC:INEMA f ilenamre" . It assumes that. all files
for a given layout use the de fault Ci nema e::-:. tens icn convent iocns
out~l- 1ned below.

The GOCINEMA Batch File

S~ynt..o-::: "GOC INEMA f ilenarfie"

cinema %1 .lay %I res %I ent %] tra %I pa].



C ]T NE M A 0in- im r-: t., ! :.n F 1 ! :-. m m , a r'

f i lenam-e, l Iay T he Animation Layout. F ile
f il1ena me . r es The Animation Resource File
fi lename tra The Animation Transporter File
f ilIenam-e. ent. The Animation Entity File
f i Ilenaml-e . palI The Oniiimtion Colo r Pa lette Fi le

I mporta?n t Ni -t~e

Wv~e have had no success in having Cinema load all five
anirt matll on f iles du rijng sta rt-up us ing the C:i nemzi proc edul- fl:
ac comIplis.hing thias. Once started, Cianem~a consistently faails to:
rv-c!cigna1zC- the re'sr'urce and palette f iles- and pr:'ri-pts the user. tco
re-enter them .a bnce our batch file attempt~s t': take advanta=.ge
oft this procedure it suffers the same weakness. When the names
are re-en tered dur 1. r prog~ram~ startup at the pr oAp. ,however,

Cne~ma 1loads them read ily. It tappears ti: beF. asimpy a buc, in th!-e
progr pam Ci nema; spok epevsos were not. aware of the p rob e'n:

beore we c allied zund aso a ~ out i t. it does no. af fect the
per fo.rmanrc e of Ci nema or its an imations but. does pr ov t de an
inco-nvenience to the u- r 1since he is requred to mianually ensure
thiat. the reso:urce and pa~lette files are loaded. Fo:r now, simply
tvping the fi± 1ename ( inIud a ~'; di rec ti:ry path wi th the
aprorDte extensio~n when promipted appears to: be the only

so lut ion Loading three~ fjiles ou o:f fivye aut.ormatically is E£ti 1].
b--etter th-an havi ng to loa all~ f ive manuall1y , so: for now we

-r muc . t?- usa thi K 1ens than perfact. p rocedu re.



he 0tC:S .1 M AN E at r-h F ilIe

. 0C::'l k as-5umtes ths:.:t the abovce processes haVe al re.dv b'ee::
a c p 1 sh t-,d It also assumes~ that an apprcipr tate 1layout f iii-

ha::ks b e en d e f i n ed-: anid c reated using C11NEMA. It. also assumes) that
app r :.t~eprc~grafiam f?,.ie has been produced by SIMAN. Uiv

CINEMA's l.ayout f ile (ffi lename .lay) and SIM~N 's program fil
( t ilename p ) , GOCS IMAN loads the layout. ;and progr3.ri f i les
d.sW~y the layclut. on the screen, and provides a menu of ofp-tions
to!-- th cperator protipti ng him for i nputs to begin the animatiCont
(The approprilate syntax without using the GOCSIMCAN batch file is:
"C!: I;M(-N fil1en-arie lay f iienarep)

lre GU:S -hN£..ch File

Synt-a::- "GOCS;IMAN f i enari-ie"

csimanl oil lay %I .P

C.I r1AN F iles Summaryv

Co)n ve nt iocn File Desc r ipt ion

f ilenzame . lay The Aniri-ation Layout File
f I 1 enamie . p The Sirtmu 1ation F'r og r ar- F il1e



Trie a n i mati ::'tiof the b I ade a nd vane rewoirk- f a c i I i t~y , uFpo-!n.
completion of the simulation miod:elis, was simply a matter --f
c reaii .ng the arena f or ac t1 iities tak-:ing p1 a~ce in thesim1ati:.
t.!- b L2 d Ii r-playe.d The CI NEMA lavyout file was c reated in h
miLann-er cies:c ri ed in the Over view o-f CI NEMA. What. the 1layout
ul1tijmatel1y 1looks like depends simply and ul1titma tel y upon th-e
sk ii]. and creat-ivity cf the an imat-cir.

We atempted. toi make the layout represent as c 1cisc ly as
psit 1 the mcit recen t l ayou t prc'picis ,d for -he b lade r ewc ri

teci 1 f y. Where dis c repa~nc ie Soc cur redl between machinery pl aced
on t d~ w i.ngzaiid the rrasrhuni c apac itiecs listed in the LF dat a

f ?. le, the drain'. wxere used and the simculati'-ns adjusted to
acz-iut 1orthe di f Jferences.

Si1nce, only seveni blade? types are presently being model led
u~1 ng foLur-teen di fferen't type-s of machine resources, o--nly ythse
machines and ent ities required fo'r the animation were placed o-1-
the layout (All1 antic ipated resources are drawn in the level 2
reso.urce file, but only t-he fo'urteern needed for the present.

an at 2 'nwere actual ly placead on the layout. -- see "O-ierv 1ev.. o-f
In sc o in only one sc reen was needed fo'r the

neesar r esources, g~re~a tly s imp 1 1 fyi ng the des.gr & and
VIOJ 1 Zat on O:f the an mat:;on. The overall p1lant. view pro'duc ed
allows the big picture perspectfive cf the facility's activi ties:.
A samlejF.1 -f the an imation 1layout, indi~cati ng arcong other thin ns
the pl.ac emient of resources with in the f ac1ili ty, is prov id'ed -t-
the end c.f th is section . Al so provided are sami-ple sketches of
the enti~ti es ( batches) zi and transporters (AG '5).

Because the layut contains al.l of the necessary machinin, -ccif' cr 'I ado typC-3 cn-e t-h rough seven! not. muc h r corn rerli
fi.' ainyt i rg elsze once the rescurces had been placed. Queues are
therefore represented by scales indicating how full the queues
:'r at- an11y p.-ar t -i -.uI a r t imr e dlu r ing t.h e an i ma ti on 1in st.ead cit b y a
line of enti tiesz formin-g cut-sidte the needed resource. This does
prov-ide a benefit c'f keeping the screen from being c luttered with
the many individual bo.x.es representing bladle batches. Queue
levels assumre capac ities of forty batches as indicated in the
linear programming data files even tholugh the simulatio'n
presently allows infinite queue sizes (SIMAN provides no simple
blo:ck ing procedure for full queues:) . A level approx:imaately half
full indicates a current queue size of twenty.

S-:tati':ns were placed on the layout close to the resources
associated with f-hem., St-at-ions are used to def ine distances
between pickup, and dropof f points. CINEMA requires that. every
d i staniic e be d ef i n ed b y d ,a w in g a pat-h o n t he s c ree n i de nt.-i f y ing
the route the t rz:an t por te is tco fal::e in go ing f rom one stat ion to
the ne:- t. It1. uses the di st-ance from the appropriate DISTANCES
elemi-ent and thie agv speed f rom'i the TRANSPORTER!:- element, in the



I3,MAN et'pe iment file to calculate the speed at whi chi the an-
tr-!vels across the screen. Although SIMON assumes that the
'A't f'i,:,, stati ion A to stat icon E: is the same as fnor stat'ic,1

B t.-static, A, CINEMA requi;- e that both, be drawn on the layout
1he :atith fCii A to B must be 'efined, and the path f rori E: to A,

a 1 tlhi.uj'hI t-e s'-., must be def ined ( in reverse order ).
L4e L.- t -A dvantage cf color in the an irmaticn to help sho the

.ta L.u ,f a ine and agv ' s. Each riiz.C hiine resource and ea c h ai.'
a be in Cone of three states at. any given time: idle, busy, or

d,, ,n, If tWe resurce or agv is idle but operatio nal, it. :is
; r 1 t-L ,-, 'reen;. if bLnokem down red. As an aqv o r machine

cha,..-,, ' ii t tU ,_.1 t; cm," :,r changes to indicate the change,
Fi; . ..1 . a s3hulation clock i:: placed in the top! center c-t

the icr'el to air-. ' rea iilng passage of time. One coriplete
f . ial represent a single ei,_ht-h'uc workda.

f-neC Fir 'EL :ints of Anifiat. i on

',l , t .-n aim at.2,on ot. ,nly provides a nice
vi-u1-izati, of th e simulation process, but pro-,baly more
ir,:,I ' : ~. i . 'e ,r :tm.Drtulity f,,r the simulati on p rog ramriiet t.-
c.: irc? c irtnshim 1.f th,-t. what he thinks is happening in the

j rule.'.,:, is actually happening. This visual verification
p.ro.e e- ,r -. - t- --rely valuable and perhaps in itself just ifies
thie vi o't -eve-:al si mulati:on logic problerrs were ident. t ifed by

.... i' ,:, that mi ot otherwise have been difficult t-, dett ,c
_, it. t her', -- have go-,e umn,'t 1 C ed. Resul t.s dsp la ed , i, I. ton

-i.a, an i the s:uilaton ,outprut can be acceipted ,,,ith ,... er
conf idenIce th-ai might cltherw-ise have been realized.

1hiulre art- s'rme problem-s , however , wi t-h produc i n, an
aniratio ofr' t the n'c,-rk facility natuice. h, beg in with., te
c-.mcn, .,!! t. i' c r'quie'l d f,:, t-ht. variotus activities va'-rie y ' dely
Fot i .li-mle e ti t-ime it. takes for ar AG- t-ravellinq at. a

fit'.te spea-d fsomething less than an ave-rage walking pace) toc'
ti - ! fI,, , , ' it-lt ,, to, another i- going t,1, be si-nificantlv
Ie-- t.ih.-tn t e a. rium- t. , f t i re r -qu -r,,J tiu run a Latch of L'Iades
thr',i, a . l-enicig/p at.i . , I :e The fc,'rien riay require

-ir.-uely typo finuLes, wh'i].e tlie lat te riay requ ire two days
'hi' pes p bt enm: with time sa]:l i -! the a-iratic,n.

F,-, e nip, . if the t 'ni.rvg of thi n s imulati on were scal ed
s.uch that the time for the W]eaning/p,'.ating process took two
fitmuLes instead of two ,days (a redu,. it:1,n tio 0..'.:1 it-s original
t.rie le/) -a s. S i ll a r n edluct.io it' agv t.aransp,,i rt tifiie w ,ul d have the
agv I..ravel ing across the scrreen in approx::.irmately 1 /4 secoinl. On
th'- other hain'd, if the iiu at 1 ,mere sped up c nly tc, the point

of all:,wing visualization of agv transpo rt fnom station tio
staticim (say, five seconds instead of 120), the cleaning/p,] ating
process would require fon ty minutes. Whi ile this may not. seem, too
bail fri-i the outset, consider the ptssibilit y of waiting forty
finil ,tc's t.£i see olre- a, Cjv t rev?: 1 l c rw; . sc rien for f i ve seco inds

-1- .'] I ze i sirgl- 1e ,Jds;y af animiat cni r.:i 1 requir e 20 ri. ut.es;
a single wedl: inearly two hours.



EBec ause cf the a~bove si t.us t in it. becZamie nIEIC eSii try ti- si. ow1
th1-e aqv to a level sign~if icantly lower than their actual Speed in
ord:1Er to Cd.C tua lv se E t.h em- a s th ie y t ra veI a c r os s t he s c r eern

.. t 1 hough, this, ices not pro'.'ide a real 1ist ic visual izatimn o--f ti i
process (. it mi-ay tak:e as long as three days for an agv to travel
f rcm one st-at ion1 to another'), it. does allow the person viewing
tme animl-atto1-n to' verify that. the agv 's are being called projper lv
a: cc.'ding to the a-:gv, selec tion rule ( in thmis ml-odel , c loset.
available agv is called) and that. the batches are being mfoved to--
th-e apprc'pr ate ne>::t staio ~cn in its route seqluenice.

It sho~uld be. eriphasiZed that" the proper way of animi-ating a
sI. tio-t f first have in mi-ind during simi-ulationl creatio'n

+ I ~ u ~ ±' i wll scbe crea-ted- andJ that. what mn1ight. Lie time
W i iicC*ub; ~ t ho s m t nIs possi ily notA best. for

I t, n C, r 1i 4e :i Ii ii fyi ng atssumnptions might. be pel. 4- c t . Iv
tip

4_ OID :, 1. e Hr i ' si la i C1E;time s:iame assumtptions might pro~ve

F,-i- dYaner' a si mulation- mir tt siri ply assume an individual
-)op g 'i m -cncn resour'ces c t i tue a stt. icn" While thme

1: 1 t h!?I I er . i. e5 t.r avel1 f roem Ic'ne S tzat. i ca1 t.!-' te nexR t i S
Ct f I ' K'1Ek .conIsequence to the s tm-u let ion, only that. they get. f rieml-
-Ofee 3+ _ 'n t.,-I the no:::.t in the estimi-ated amocunt of time required

+ 'r itit is of great. coinsequence to the animi-at ion.
Enti te are tr:anspornted across the sc reen from station tc'

-iithe exa:C-ct. placeament. citf these staticis on the layout
tiE-t"'fi? t iS+he 1~ictte ant! mt. io 0 it ma o ' rpor& -

a' a m' '1 de Ista. in t'sa h group o-f resciurcton I.I.
LIE, ~ .-PT'-,1 t,-! an'sir11 two '. In time Cases cf aqv s i 1t ftAv

be ti, ~iri Io 'Jet inc rzomet f tracks as rescur ces to,
tie seze b. agv e' scl tthat- the poissibility of ccl- 1 1 is ion is5

& I n~ i d C - rfo nat e 1', the stepowise mi~anner in which resonurceP.s
t *_- L IN - ' 3~ ], 4- . ,Z? I Ef- t c t. the si m tu 1. a t i. D:n ani d t h en t.h e a n i r:a t. io-In arid

F1 '- 1,1-,i wh ic tF~ho. two -Are ty. : ally learne'i do:es not. lend
at-el t' S -, [.h apc~r fciir beg inner IS.
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T -:C.P:he -y Poi.nt Naval A vi at. io, De-ot Menu

User Reference

The Cherry Point Naval Aviation Depot Menu provides eas access
to c 1 of the actions_.; necessary for altering, recormpiling, and runningn
SIM(AN siriulat ions arid CINEMA anim,,ations. It also provides me,1nu color
options and selected DOS capabilities, including the ability to review
the list in,7 of f iles in the current directory and to e*: it teripor ar ily
to LU 5; while keeping the nmenu in RAM. The current directory and the
current date are always displayed with the menu. Both can be changed
by thte user if dec-,ire, or necessary.

Loai ~nq and Ua ne I the Menu

The menu is loaled by e::ecuting the "GOMENU.BAT" batch file Use
Of We Me-u i an simple as pressing the keyboard I ey identif aied f or
the desired option. The menu uses a tree structure, guiding the user
through the menu options. A keystroke will either begin an action,
cause a beep i there is no- option associated with the keystroke, or
tatke the user toc I another menu of options. At any level other than the
Ma n Menu level, pressing escape or <Q> will return the user to the

vuc m.e u -.ue n.aote below. Prees. ing escape or l-.> at the Main
S. the Menu prjgra to be terminated and returns the u4eZc to

te rcot directory and th-e DOS p.rompt. At. this point, the re nu ia
rer,, ved fror, mermory and must be restarted by e::ecuting the "GOMENi"
ba t Ch file. If the menu directory is placed in the aut-oex::ec.bat path
st.a:tement the menu can be loaded from any DOS prompt. Since the MenLI
is used in con.juncti.on with SIMAN and CINEMA, it is designed to be

-.'ed to used twit-h the hard disk necessary to run the simulations
and -anim ations . It assumes that the menu files are sto:'red in a
d'rectory named "NADMENU" and that all other directories are n-amred as
indicated at the end of the menu technical reference.

Not e: f,-y p o.:rd keys ar.e id-nt lied within inequality signs F or
exarple, <Q> represents the keyboard key Q.



Main Menu

G,-- to,- S:irimu 1at. ic:n Menu
rGo t co LF' Menu
6,.: toc Ci neral - Men-U

t.o-t, DOS Menu
C'toMEVUOt.in MenuIL

Ffi la- t.= eu Edi ted L1 :E::!t. to- D!ZS::
Run Men u LP' 1 mu 1 Le E iited L'' :Shc-ix Direc tory F i I es

h Ew -7, .d d. t. i mu 1. a t-e Ed i t-ed L:-- :Chanige Di rec to'ry
hw CLa I.e nd rf dallt -.h! w LI Output

I~o I nDut dat S_:how L.2 Ou tput
C~~uMrhnsdc t -Shojw L:'- O Ut.pU t.

A !'I 1 F t. II- M-) i Men-u Op-t ions Men'-u

Caq tk~e'--Defjned F ile Cha n ioje Frarie Colior
Change T e::.: t. C -::,' o r
Change E; c. rd er C:,.- 1 o-1r
C. hn g e Present. Date

Sa c k gro un d Framt-e
c; I- nrI-Ia Menlu C io ColorI -- 1

.Opt. 1ons 4 Op t. ions
Ed it. Level 2 Layout-- - - --- - - - -
Ai- iimat.e Level 2

1Edit. Level :.-: Layout- -4
An.mfiter- Level :3 P order * Te::.:t

Edit. User-Defined Layoiut Col1o r * Color
in iflmate User-De i ned Or' t.i ins 4 op, t-i n



CHERRY POINT NAVAL (VIAI ION DEFU-

MP!N MENU

GO TO :.;lIMULAT1ON MENU ----- -

GO TO LF MENU ":E>
GO TO CINEMA MENU .:-C>
BE! r DUS: IEN-- ------------ <:::
GO 10 MENU OFT1 !ON! MEN( -)--- ::E.

F'FE::::: LF IIER OF- YOUF: CHOIC:L :::E::-C EXIT. TO DOS

CURRENT DIRECTORY I:;: C.:\STMAN 11 -4-1 3'S

rW.: :i- 110, LS t. he ini ti a l e'lU the u'Eei sees upon --_... t. up O
the NADE P rn:nlu p ,-a . Each oif these listed options tazes the user
to a second-tier menu, discussed in more detail on the following
F,ages Press.ing Escape at. this. menu ter inates the menu programi and
ret.urns thk un;er back to the ro,,t. direct.,r-y DO!:- promi.:t.



CHERRY PfINI NAVAL. AVIAT ION DEFf.iT

LP MEN'.'

EDIT LINEAR PROGRAM DATA <A>
RUN LINEAR PROGRAM - -B.
SHOW BLADES.DAT -C>
!:;HOW CALENDAR. DAT- -D::
!-HJiul, INPUT. DAT ...-. -E.>

L--HOi, MACHI-NES.-DAT ---------- F:

F'RE.'3,S LEITER" OF YDUF: CHOICE .E.:C>:: RETURNE. -0 FREVIOU-. MEN'-.

CUjRF:ENT DIRE(CTORY: C:,SIMAN 1 1-14-19S' ]

FNe LI _ .y,- r Fr'og cara Menu pr ovides via opt.i,-,in <A access t! th- LF
"M U" p:,,.!: . This option allo-s the user to edit. the data files

used ,y the LF and sirmulation program runs. Option <B> allows the
user to actu.l]ly run the edited Linear Frogram. Options <C> through
•F. a ].,ow the usier to view the present contents -f the data files
Frior to enter3ng the editing or linear prograrmin, fuLncct. o . Escape,
ret urns. t-hI? USl. r to, the Mailn Menu.



CHE RRY FLOIN[ NA)VAIL AVI ION DEF'.Il

SIMULATION MENU

.;IMULATE EDITED LEVEL 1 A
SIMULATE EDITED LEVEL 2-- ..:>

SIMULATE EDITED LEVEL :3--- C
SHOW LEVEL I OUTPUT------- --- D
SHOW LEVEL 2 OUTPUI -------- :::E
SHOW LEVEL 3 OUTPUT---- - .:
PREF LEVEL 2 FOR ANIMATION G>
F'EF LE VEL FORF( ANIMAJ !ON <H -

PRE.:-. OF YOU1R C-HOIJCE <ESC:- RETURN TO REIOU ME'U

CURRENT DIREL: ORY: C::\S IMAN !!-14-1988-

Upt icn's .:: : -,E and <C: . are used tc run the indicated
simrulti,:. y This w:,]d be necessary if changes had been made to the
LP d:,ta coao th irpact of the changes on the simulations were of
int.erest !he GO'-] MAN batch file which reads the data from the LF'
d-J..- fil.:. s called, creates the Model and E::<per-iment files necessary'
;,, run -.. ,t and runs the simulation which creates the .I .'.,
program ic utput files-. . The new program file may then be used to
c rreate ar: i-t, ions Before it. can be used, however, it. must. first be
cpit-,J into the cinema animatio n subdirecto:,ry. Options <G> and <H>
acco plish this. The output files co:,ntain the results o the
simulaticn run and can be reviewd by selecting option KE...':> > , or
<F.>. Ecape returns the user t.,-, the Main Menu.



CHERRY FOINT NAVAL AVIATION DEPOT

ANIMATION MENU

GD TO CINEMA MENU -

CHANGE USER-DEF]1NED FILE-- <E,>

CURRENT USER-DEFINED FILE IS: ORANGE

PRE.-SS LETiER OF YOUR CHOICE <ESC RETURNS TO PREVIOU' MENU

CUFRENI DIREui JRY': C \:..SIMAN 1 i-14-19E,,

-i' w:j provid.s an intermediate step before proceding to the
Cinema Menu It allows the user to select sornething other than the
Level and Level 3 8lade/Vane Rework Facility animations. If option

. in- s...ected, the user is prompted to enter the la yout and pro:grad
filsna me of the user-defined animation and sirrulat ion files- The
u':n-ar nend not. adhere to the common naming convention using option <E>
For ]. , it i., possible to anirate a level I simulat iont on a lev.l

:-i,-- bi <bviously, however, the prograr file must. be a valid
rmpad and linked simulation program file with extension "p" and the

aout file must. be a vilid Cinema ani mation layout file with
extension "lay". ) Once the filenarne has been entered and conf iirred
the :-r- hKs the opt io i of proceeding to the Cinema Menu by choosing
opt i.cn Aor returni ng to: the Main Menu by pressing Escape.

Important. Note:

If option <E:> is selected, the user must. answer the filename
pir-mpts by providing a filename (without extension). If the user
decides he does-- not. wish to define an alternative animation, simply
pr:',-s r-eturn at the f ilename pormpts and answer "Y" to the
conf 1r astt ion. At this point no alternative file is selected and the
utaer is. retur ned to the animatirin menu.



CHERRY POINT NAVAL AVIATION DEPOT

CINEMA MENU

EDIl LEVEL 2 LAYOU- - (A.
ANIMATE LEVEL 2 ------------ -
EDI! LEVEL.: LAYOUT- -C-
ANIMATE LEVEL : - -- <D
E13 I- ORANGE LAYOUT .:---------E
AN I MK 1E OFRNG<F

PF'RE-SS LETIER OF YOUR CHOICE "ESC> RETURNS; r70 PREVIOUS: MEHJ

C UF :L NT D I REC LF1Y: C: "; I N --4-

K ] nor the an imat i o - r ar used il-. c o 3nj u .. tio L.o , t.h the
1;M.1d rode]s (s-ee Ovnrviews of SIMAN and CINEMA). C:i neirma pCIvid-JeS

the rans for ceat ing and editing the animaticn layout. CSir -an takes
the Ia p I ;ovut c durn g a C:inema sessi .on nd the ..c, ,:,, 1" t 1
created by S!MAN and actually produces the animation -vn the s:rveen.

S<C, Md E> allow the user to edit either- the level I
I av,-r-ut. thE I ev e 1 l Y,, t r t.hE predef ined ( f r,,m the An imr:at i,:,n

. *,.. .F ,"I U ] I fhes,- ' , n cal l Cirlera and 1oad the app rop riate
f il:. ,,r editing. or:',., s <iF .>, <D>, and > call C:;iman and load thi
a'p rop. iate Si an Frogram and Cinema Layout f i les



F11E FYFEJN NA II A I (-] IOiN DEPOT

DOS MENU

EXI TOIL DOS------ --
SHOW DIRECTORY FILE ----- r: -
C.HANGE CURRENT11 DIRECTORY-- .:!

FRE:S!-; LETTER OF YOUR CHOICE <ESCT.: RETURNS TO PREVIOUS MEN-.U

1 : ao~rCmenu all ows~ the user to c hang:e the cur rent. dirnector,,,
anid " -'the f iles in that dir ec tory without lea'.'ing the menu. Sbt '-", 1 d
it be necessary to perform more ex::tensivye DOS func tions , the menu
proie a DOS ga teway, a means of temiporarily e:-:Ati ng the menu
pnrgram.r Once in DOS us ing opti on <W1. the? user can perhf om whatever
DO::-:; 'nd necessary and can return to the menu by Simplytp nc
"F-I '- -" 3.....DOS~ pn orpt. .The menu rem--ains in memo'c.ry dur ing t. -

Ccour e of action anid need not. be relo:aded.

Imporitan t. Notec-

If the user e::it to DOS us ingi the DOS gateway he wil1l not be
CIT 1e t- loyad and run Ci nema~ or C:si man sinc e the menu remains in

r~rro ' lIeav inrg i nsu ffici3en t RA~M for these two programns to run . i f
the user des~ires to: run Cinema or C:Sinaan outside the menu, he miust
first discontinue use of' the menu by pressing Escape at. the Main Menu.



CHERRY FP.NT NAVAL AV1AY!ON DOF-F'1

MENU OPTIONS MENU

CHANGE BACKGHOUND COLOR--- <A
CHANGE FRAME COLOR------------F
CHANGE TEXT COLOR----------- - C
CHANGE BORDER COLOR ------- :.
CHANGE PRE;-i;ENT DA-fE --------- -":::E

FRES:;. LE] TEP OF YOUR CHOICE <ESC> REI[URNS TO PREVIOUS-; MENU

.URREN- DIRECL.'RY: C:",Si;MAN 11-1-!9+,

Is r: e iCiu p, Y: w ejn, t h- n uc:A s-er w i t.h the r.b. ]i ity to c .,- tht col r
used to display :menu opt ions cr the s reer. It. also al lows the use,,"
to change the dat. displayed on the screen if for some reason, this is
des:red I r, , the , te was noto or i ncorrect!., entered duri-qg: r!E.ch,ne
startup. Se.lect1 ng o r of the color opt. ionis takes the user tco a
• Qiird-tjer scree n t hat provides color opt. 1ons to. the user if option

•E. is se.lected, the u-,r in prompted for the new date Escape
rettrn-r t~h user tlo t-h _ Ma-iln ME,-,nu.



CHERRY POINT NAOAL AVI__TN 1POT
I E:CKG JiL.UJ!)COLIORj  OF"FII.N':-

GREE ------------------ 4RL l-E .- E
GREEN -:- C:

MAGENIA --- -

GRAy- -- -- --H..:

-HE'E:, LEITEF. OF YOUR CHOICE <E'C> RETURN':; TO PREVIOU; MENUI

CURREN I D1RELTORY: C: \i MgAN 11-14-i9%-

( 1-7l.:. rc t. -' .ecs di-: , the b. cl-:gr, ,und coI:,r C', t. ,!,. .n-i !' zk --
The back g.,:und color may be ch-arnged by pressing the key indicated f,,-

the de ; i red co!I r The cption is ut ed and displayed mirtediately
nv t'or aj:.,,., Evc Dc .. ,es the ei ected bzAck gr ound col:,r a:nci
,-:turia h,-. user back t.o the- Menu Options Menu.

I II .,:,j V : I ' N :,

If thtz Use- se ie tn I , ba Cf:gr::un,- c ,cir that is. the same as the
-urrrt, te :t color, he is prompt.ed to m~ake another select ion since
stick, s co l.-b.tion w:uld cause the te.::t to be invisible



C:HEHf-.'Y F(TNAVOL AVIATION DEPOjT

TF XT C:OLOR OPT I Or'T1

BLUE ------------------------ F

GEEN------ C..

YELL L(HI-- --------------------
("' 1 E-------------------- ---- H.

F'F;.E*S"-: LET[1 E OF YOURF CHOICE .:.EC*:- RETUJRNS TO F'F-EVIOUc. MhtlU

~:N I F-IEC:T I' C ~ t 1 ~ 1-14-!':

the lc - C t' p] :. the SCP~Eri . The c, oc te t: t

t L f a e:::e C. t ~ nd 1:1a 1 E EJ l rif I E' I 'J.et 1 V, f cr Lae P iF ' :.'

EFar.tpf nac the selte-cted teat. cole and retui the u ser to thef Menu

lIri '0 t inlt. Not,

f t he ujse r sele.:c t s a ttt::. toicrtha is tf 1 7 Zae s th e CUr r'el-t
bc~c . rcud ci r ,hoIc Fpr cr'lP tmed t1o- rlIiak e -Mn: the r so Ijerct.i o-n s 1vInce Su c h

c cih ana 1onwc'u 1cicaia th~e tea..t. to: bc v 0 h



CHERRYV POINT NAVAL AVIATION DEPOT

FRAMhE COLOR OPTIONSz*

RED 1--------------------------- -

GiREEN -- - - - - - - --- - !:D.:-

LIWHT BLU---------- -H
L] GHJ CYAN --------- -

F'RE'SS; LETTEHR OF YOUR CHOICE <ESC:>* RETURNS:- TO PREVIOUS MENU

URR EWI Dl REC. DRY: Cw \S I MN I1 -14-1 '--48

The :~ 'u rd ~ref ers to the dubl'1e li nes en-c losing the mien-,u
t t. j es . o:Pt1n di rec to-ry, and date, The color of the f rame way bie
h-wied b'y pressi ng the keyv i ndiicated for thIe leS iirEd cci or. The

opti on is£ ex::ec uted and di splayed immediately for useraprv1
Esc ape saves the selec ted f rame color and returns the use~r to, the Menu1
Op tions Menu



CHERRY PIWN'T NAVAL AVIATiIION DE.PJ0

BOfRDER, COLOR OF"TION'S

B:LUE - - - - - - - - -- - - -:E;:
GREEN -------------------------- :C-:

CY::: -: -

R E D ------------ :E
MAGENTA - - - - - -- - - - -- F
E:F,!C0(,N-*----------------------- --1+

Y E 1.1 OW----- -- -- -----

FRESS LETTER OFE YOUR C:H01C.E ESC> RETURNS Thi PREVIOUS 'M tEN I

CAF' PE1f ] REC1 R~ :JN .:VE; 1 M~N1 -t1-

(~~~~~~~~~ o ti b~ In~ v o ''pi.1iLe t. acth c rc
the sc ret:nr t:orde!r the are ct id-- the tWy- w 'kin,-g are o f the
VL-JE:,1-- I:t I f your rmcn itc r' al1 'WE ce-r. this th -At D t

bp usnd to c oame, thu color of the bo:rder by prec 1 ing the k .
i nJineted far the desi red color TiIhe o:ption is~ e::.ecuted: an~d 'p

wmwv.i rtce'1 for uor ppovl ssing E sc ape sa~ves the se lcted
V,*I c Ef retHfcwn the us".?- baick to th Mer1nu Opt. i Is Menu.



The M,.flLA FI~e

There are L prorrcr/'datu files required to make the r_
wo.k Had CINEMA and CSIMAN not required sc much randorl acc e.sz
ronir-y 'f< s, erhap only one would have been necessa ry
However , due to memory restrictions imposed by these two programs
s:'ec i a 1 attentin h-Iad to be given to a 1 lowing them to run with
the me i, uj.i-, AS little mery as abs:olutely necessary.

Ac cc,,rdng to a CINEMA spokesperson, CINEMA and CSIMAN
rqui re a mini mum of 55._SK RAM to run. The current DOS RAM liuit
i.n 6.4IVI : With DOS loaded into RAM, only .:i of tV i is 64.0K R4
,r' Lrim fpr '1pplication programs. This allows only 1O4 for aTy

F".- loiaded into RAM along with CINEMA ojr CSIMAN (S9SK -
Ly, Again. accordin t, tohe CINEMA spokesperson, neither

p ' .ram &s yet. run:: under e::.p~inded memo ry
he compiled mntu program, written in BASIC, requires in the

neighborhood of 4SK RAM (relatively small by most standards but
prohibitively large for concurrent use with CINEMA and CSIMAN,
A means therefore had to be developed for CINEMA and CSIMAN to be
called from, yet run outside, the BASIC main menu (i.e., with the
main menu remt'oved from RAM ) Unfortunately, the only way to
er' z,  FA...:;C programr from RAM is to discontinue its use.

.,tch-22, or so it initially seemed. A little luck and DO!r-i
, iFu -t n p.'.' 't 'd a means around the problem

-:he E Mi] -menui ng program will first Le explained. A
discussion of the DOS.- batch file used in conjunction with the
BATE;( program +o solve the RAM problem follows that discussion.

The kE.-y to understanding how the BASIC rmenuing prgiram worl-s

± ,i un', r landing thz INKEY and SHELL statements. INKE&
pF''.ov.-e the means of detecting and identifying keystroke.
entered by the user in response to a particular menu optionr.
SHE_ prcv des the pathway to DOS co nmrands, allowing the SIMAN.
(C:INE1MA (,were it. not. so large), DOS co iitrands, cr any other
e ect. .ble file to be called arid run f rom within the BASIC:
program.

All variables are integer and, for convenience in
initialization, all variables begin with the letter M. MI though
M1) ident tfy the various menus. MI, the "MAI N MENU" , is chosen
as the first menu to be displayed upon menu program startup. The
screen is cleared and the menu frame is drawn on the screen using'
the color options read in from the menu data file, NADMENUJ.DAT, a
separzA.e file located in the same directory as the menu progr-ara.
The appropriate menu options are then retrieved from a subroutine
and pr i nt.ed to the screen along with the letter keypress
asociated with the option. Some calculations are made to ensure
centering i.if the menu title in the menu title box: (variable MT.
"Menu Title") and centering of the menu options within the menu



~F' L': :(.V a riabl: e VW " Menu R~ow" ' !' , C omple tei th-e men
screeni the dlate and director-jy SUbr"'iUtine is cal led. Th is

.. ,bv:'u~in dsplysthe date andl di rec tory in the date and
di rec~to-r y box>: at the brottori cif the screen.

A~ couple 1:.! icliint-s shudbe made: (I.) Even though trie
I aoanid the tex:t. are both f oregjround colors it is; possible tio

diplytheni on the sreen at the same tire i di ff erent co 1 z'
by f irst drawi ng the frame,* chang~ing the f oregro-und ccil.o-r an]
then writing the text tom the same screen using th--e new fo':reground
co~ 1 W (2 The cur rent. miax:i mum numbe-_r of menu options; al1l1owed

scenis; the idefault C array size of ten. More than
th' njitrii ca ti e di splayed, hciweve r dinmels i on ing of the ienlu

d ' ~iffrent cal culIat ons for sc reen aycout. wctl4 C Le

4- t h i c > rt. the p ricj r am s Si i iF y w e it-s-. for input. fr or the
U I FhL i nky rout I Ile handl e s datec t i? on and i dent. i f i cat1o of
kepe>r As~ l cnc a0; n10 keyp C OSS i.' £ rride . no mricre c omrandis are

Procesed.INL LY moni tors keybo-ard inp_-ut and when Za ke~yprcess is
mad- Um A e ypress, AS;CII code, stored by BA':S1C: in INK'EY$ is
t.r a i' fer re in MC:$ ("Menu Choi ce") . Optioi~n Q , the tenth opti on

i 11L-iy ca-,is reserved for "QiC~t", the act ion which returns
the user to the preyvious' men~ u or ex:i ts the program t the "Main
Menta scree is displayed, For convenience, the Escape key has
been def ined to prfiorm the~ same functio-ns since most, users are

tc iusiing+ ' thi' ' tcn p-E.rforri-i suc h iiPer:At1l S.
T hu Key s ri ,k o De1 n + i ron rou t ine doe f ies wht. iIi lie numbe r

+ _ - E - ~ ~ i %E -.D . 1-. UP07 p i epr ess. Thm t$- tE:in al o No-
b'1tftU pp' 2 -, 1 Ij1 c kS7' If an il1legal k:eypress is destected,

the Watemein cas an alI uuil 1e signal tio be produced and p rOgralI;
F., i- p'ri L ed back t'+ ti-ic, i'lkey'' rout i no for an.other

E I TI w scac e Pefor Wi+e fi rst. letter 0,00 ...E h ) is,
required sinc it represe5Ints in this syntax--: everythi ing other than

a .: 1 : '7.p eo . The 1 lne numcrii , aIt. the en:; !--f these
utleetscrres5pond W 3' it respictv kyeypiess liNWe within

th.- r i nt. it. 1-- s iml_ l\ rizi tter c., wr iti ng t ho nrad
at the 11te i 1no number necessary toi~ carry out the des ired
ac t ions if the desired: acti1on is siomething that can be carri~ed
out hby BASIC, t he BAS: K c ommiands are presented If the des ire'd
actio:n reqirest a DOS command , the SEHEL[ statemen t is used wit~h
th des re DOS 1 ~ m nh e! I -J L k-, :tfi~lo 01:1fi: d i n ijuc) t. ,S.

The tDDS Batch FilIe AdJi tion tUp the BASIC Mel-Uinq Programl-

WV; nient ii:ned earl1ier , the BAS;IC programr described above,
Upon comi-pil1at. ocn, ia- tir, large to run concurrently with C:INEMA
and CS11I MVN, Baitch f ile opti1ons were thieref ore considered fcor
this Purpose.

There were. two. problriis 1 el C: erl ter',J when trying to det-e-rrii le
hei:w to Uai C' b~it-C h~ t ale- for riielI 1.1g . 1-The fi~rst prioblecm, reallIy an
anoyance, is thiat. since batch files read and e-::ecut-e olne
st-atemrent at a timse they tend to be very slow. Each com-mnd



statement must be read from the disk prior to e:ecut ioln--a&n
operation significantly slower than the time required to e ute
-tatements already resident in RAM The second, more impos

pprohem is thit DO.' did not come with a utility for keystio-4:..

detection, pr se. re only way of prcviding input to a batnh
file is through user-provided parameters included when the batch
file s i taly ex.e.cuted or through p.iuse statements wh ,-;
simply pronmp. the utser to strike a key when ready to continue
Neither of these lend thermise]ves readily to the use of muilt .ple
option situati,-,ns. Even if it were possible to imitate the EOA. IC
ienu i5 creiql b!n: DOS; batch file (.and it is), there w.as n,.
intr1arct',ve way available to determine if a key had been pressed
1 n ans:.. t. option, much less which key it. was

tu'' .' ',ith the aid of an. article I read, I was able.
t.,7 . 7'ea t ,' -: D utility c 'mmand file) capable of recogniziv-
t-:.'y-ztr ,,s in b.-tch files. (PC WORLD, Octc'ber 1I 1he
pr'oram, "E KEY . C'M" is a smai 1 comriand f i Ie that detects and
returs t.he AC..I code of the key being pressed. This code can
then bu used as the parameter in the DOS IF staterm-ent's
ERRR['RLEVEL 'ondit in (refer to DOS manual IF statement for Latch
f.t iIsT. It. then becomes simply a logic problei to determine

ihe IF Ef.RORLEVEL = NUMBER statement executes only ii the
'rvius y e: ecuted command has an exit. code of NUMBER or higher.

] the case of GLTKEY CM, the exit code NUMBER is the ASCIi
code o' the key being pressed Since ERRORLEVEL operate.- under
t E 1 I t C ' n c cndI ti on , care must bFe ta;: er to ens-'c-c t!I. t

-, single ASCII code causes: the desired reaction (i e., X, 1, and
ASCII codes W, 89, and 90 respectively all satisfy the

Ey ' r . ', + ditio - ERRORLEVEL = 8 &). Simply put., the
IF Ef<VLhVEL = NUIIE.E st.aterient should treated as an IF
E6RORLEVEL .:= NUMBER statement.

Two tests are therefore required within the batch file to
,. e I c[rc.. fi c kevpreiss. (A check must first be rade for the

A:,cl I C-dt: c01 the ne: t higher character, eliminating it. and all!
: r5 abC'ove it frMri consideration before chec:ing fo':r the A.:-C ii

code of a valid keypress. It follows then that when checking fo
multi pe options, tests rust be arranged in decreasing ASCII
Crer Al thin ensures., tfor example, that. a .B: S;is not iist.a4&aen

f :r' an - .. ) .
Havi'.ng provided a means for keypress di-tection in bat.cr

tiles it L'ec ame possible to create a batch file that behaved
similar to the BASIC menu. In fact, it is actually possible to
have the E:A'.-;IC program do everything to the poi nt of waiting for
the keypress , including displaying the screen of options. (The
batch file, as mentioned above, can recreate the options screen,
but does so, at. a noticeably slower pace--cine line at a time m

Since it is necessary to exit. the BASIC: program coniipletely
and us:.e the much smaller batch file (apprc0imatel0y 6, O bytes) to
une the animation programs, the shell command within the BAS IC
program could not be used to call the batch file. Therefore, the
b.i.. fil h.r, f,, to ,eg1n e:.::ecution of the f:A't.1C menu pr:'ig ar'i,
that. when the BAS.1C program is terr, inated the batch file
autc'matically resumes control. When the CINEMA Menu option is



sele : ted fr r m wi thin the EASIC progv ar 1i the EAS1 C p'"ogr "ritj.,-ply
draws the menu opt1illS screen and termin-tt es. The batch file tilan
t aken over and handles keypress 'detec tion for CINEMA/C'SIMAN
Sar t.up.

:ice it. makes sense that, menu termination be a Main Me.-.u
option, a trick had t-, be devised to identify to the batch fie
wh!et.L"Y C cont ro1 i.s beingq rerrr: t rom the terrinat-ed BA -,I C
pr,gr afii t,_7 allow CINEMA options to be processed or if the EP A.-!C

prqr' og am is actually being terminated because the user is through
with t menu To haridle this, the BA.SIC: prograri creates a
"du:rwi" ,:tata file if the e::V:it, opt ion- returnin'g control t.! t the.
batch file is a true menu termination. When control returns to
the -,- + a F EXT S "f1 ename" test. checks to see if
" _.t., ,,.a-t d -. ' " 'e:: i c ., if so, the La t c'h f i le deJ etes this f i J e

'.-,. -''.i t e-: The USEr is returned to t.rie ro.ot direct-,ory Dr3_

;":"' ;:!t and t he me:Iu i. c omi et e l y stopped and uoust. be riestar tc- .j
b:y t-yping "GiOMENY". On the other hand, if the BAESIC pro-,rzar is
b',,i*- terminated and cc itro] is sent back to the b-atch file to
a!:,13ow fcr CINEMA and IS:IMAN e:ecution, tic EASIC: menu pr!jgar
does not. c re re "st-Fltest . bat" and simply terminates . When the
tatch file does not find this file it prints the CINEMA options

, id a' t t- r t-,e- use!r t.:, enter ani option selection Up'', nI
C!'!m:',!: t.i- of a CINEMA or C!-:;I AN .session, the GOCINEIIA and
GUC:-;1MAN batch files recal1 the BASIC programi and the Main Menu
is restarted. Pressing the escape key also restarts the Main
riMl n ui e bLack to the- Ma in Menu t he user may c Ont. i nue using the
t.:-- . ,r aF ;; E C .''e t,-, e :. t.

F- :!-."- k~e:Lui r ad t.,: Hun t4 
ie Menu

N:.,-iielnu ,.e Cn ta nr- al1 menu i t- 1 DniS, c,:irr'ands exc ept

C INEMA

G,-n:e~4~,~bt Cal I Is Nadmenu.et e. Cont-rols CIN.M.A opt.i-,1s.

* ut .; c-," oF c-,re P '-v d,. -eypress detection for G,-,menu .bat

1beep, com Creates audible signal. Necessary for
orfitnu. bat

Nadmenu. dat Storage location for color/directory data.
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The NADMEN) BAS Basic Programn Listing

1I C:LEAR L)EFINI M
0 M'I= l u =' 4')tz1 :M 0 M7=( M,';0: Mcz'(.) M I 0=0C): Ml 1 =0

C) C HO]R \NgADMENU" :OPEN "NADMENUJ DAT" FOR INP'UT A,:: #1
40 1iNPU
#1I MTEh XI #*, ME;C:I14.#, MEORD'ERV, MFRAMEI8, PAiTH$, LAYF ILE$, FROGF ILE$: CLOS~E
I :rHD IR PATH$

S() :**:. . :4.4 REI RI EVE APPROPR IPITE ME NU OFT IONS5 DE$SCRI FT IONS ::*:**::t::

F I F M THF N (73': E J I ''

11- 1 F M THE-N G.nLIUE: 10()

7S IF Z' 'IHEN (l HF. : '(

IF Mi: ]HE-.f-N (.-iLI JE' 16 fZ)0
M'- I HEN GO, UP 16~000(

' T F- N TH-N S-I G _I E16~W
-5 IF r'- TI' NI GOi' UB

1 ' IF 1 M- I u T-HEN 22;JE 0
I1 1 F MI 1 THEN GO'.UE 2,1 C 0C

1 ( :f:t::f::*: REA~D I N IE XT1, B~C~GON'EO'D)ER. ANdD FRAME C:C.Jt OR:_. 4.* 444t

1 4 COLOR' N I XT*I , MkcACJ J1 MF0R')PPFP8*

:*.*..4*:t:** 44 **.*:l..:~*4*:: PRINT MENU TEXT :::.*:.:.*:..:.

10 E.7 M M7 LEN NT MI MIT' 8-:('- I

TI E) 4F _: m 4R I NT" HEhh PUIl N! NAV L VYI -'T ION DEPOT'
LOC:AT E 16, Ml F-H, I NTF MT $: r1f* MK,+2.

ILI F(JR fiY-i TO riN:MH,-r'R+i

20ML=LEN(MA$( MY. ii
270f LoCoTE F- ,24:f.Fl NT MAVMY' ): :3RI:" 7-I..T""

2:~ EXT M
.90' LOCA-iE S0,

::IF- MI THEN PRi1NT "PRES '. LETTER OF YOUR CH01CE
EC-EXIT,-, TO DO':" : 01-0 .30

305 IF M I o THEN PRINT "PRESS LETTER OF' YOUR CHOICE
ECRETURNI:; TO MAIN MENU" :60T0 3-:0

,10 FRINT "FRESS LEITER OF YOUR CHOICE -:'ESC., RETURN'S TO
PRFVIUJ; MFNU"

246- S G E.= 3')E :7 I) ()

3-0 IF M10 GOT '031 (
b40 l01 5001

450 BEEF,
470)
60.1; M:. ::8 * 41* : ***. :NEY ROUTINE :*::-*.,::::::::*:8:8::* *

510 MC.$:="" :WHILE MC:7=-"" MC :$=INi::EY$: WEND
S'21) IF MC$=CHR$'027*) 'THEN MC$="Q"?



~U 4144: t:*4f.t :::4 4-1 .t F 51 OfKE DEF I Ni I ON I 44 DEB t 1.:. !J it4 I.T .4 :1 C

61'0 IF Ml -IHEN ON 1+1N :TR" Aa~bCcDdEeFfcigHh-Ii( q",MC:$) GOTO0 460,
4 ; 't 13 I 1 ), 1 1 3 1 0,12 ( 1 14 ), ,1 1 :'_, 1 21cSu, 1253:), 1 6 1G i, !1 6u. I I7f1

1.7 l'' 1 ''-x 1 190 1 1 TL " 5, 1195
620 OIFM2 THEN ON I-;INSTRh E,.Cc.DdEeFfrigHh !i Qq" , MC$) GOTO 4 50,

4 i. '_ 1 10 1 12 1 12 0 12:-:: 3 1:2340, 1240,I.3 120.5), ,120, 11260, 1260:, 17W,,

640 ( IF'M THE-N ON I +IN!.TF'<" AaLCrDdEeFf&gHhT IQq , lMC$. GOTO 4 St,
4s(),1 .-: ]:'-, 14 ( 0 14 1 4., , 1:340, 1:-43),14 )1:-5o, 1:-6(, ,1460,14-:7(-) 1
4370, 14 W) 14 an") 1090, 1390, 1395, 139-5
6450 IF M4 THEN ON U- INST( if- ~-b VdEeFf~igHh-Tj iG~q",MC$: 60TO 46i',

450 1 ,01 I () . 142o, 1420 14:305, 150914,54 o 4 (.,16 ,14 0 17

-30 IF- ME THFEN4 ON 1 + I N!E T*R " 41aEbtCc[)dE-FfGgHhIijq." , MC$:) GOTO 450,
'3L, 1S1 . 15 Il (,~ I I 5,2C 1530, 130:, 1640, 1 640, 1550, 1 .50, 1 SE.0', 'I SC ?1 7(---,!1

6 U()I -1 T HEN ON 1+1NS3TR " Aa~bCcDdEeFfGgHhI i(,:" , MC:$) GOTO 4s(.
4' 171, I 1 IIE 1 17 '' 1 1 0_., 17:3 1 16:o 40, 1640:, 1650, 1CEO, 1 E.6.0, 1 6!F0 , 170,.1

6,16 -'' 16 -; 0, 179::', 1690o, 169 5, 16
1.7(,IF- M7 THEN ON 1 +INSTR(" AW .LCcDdFeFf~j'H~ilj( :" , M:$)! GOTO 45()

7 70 17:: () 1 7:0(,163,_K* 17, 0, 1795, 1795
6%~ IF M8I THEN ON 1 +INS1F:3" AE~bCc~dEeF-f~gHhT i(.-" , MC$ GOTO 453:().

S70, 1,018 0 1- 890, 1890 ]::9., 1:-; 5'14) ~0 933*1.331933 9:. 7:

69 0' IF M9 1 THEN ON 1 -N:_ N'_ A' a _''. __ dE'Ff4GHh ii(i q'',MC$:) GOT] 450,

4! 70,21,31 19 '',, .1 1 ' 9:, 2190,1930 90590 9()1S, 16 90

1 1, tt 4 1 ,N l)

1 2'.'GO 1TO

1 14.0 60iE 1
1160, GOc! 4! C
16(T) Gt',70 45(

1 18(j ~I 100~
1 90 (y r) 0 A3l3. (

1 'c;') 4 4 41* t $* ttt~~6S1 MULAT ION MENU COMMA~NDS:t*:4.::t.$*ttt:::::

1210 -1 MER OFF: C:LS::: (HOIR "(.2 \S IMAN\LEVE. 1" : HELL "GosIMAN
I_ ''I- 1":GO'_:UF: 10:b:0 ~ o

1 'TIIMER OFF :CLE: CHDIF" "W:\SlMA.N\LEVEL.2 : SHELL ,GO!S:,IMAN
L.EVEL2" : G0S(J 1 0020:GCITO Si)
12.:-) GO rO 450
124() TI MER Of-F .LS-: CHDIR "lC: \S] MN\LFELL I " SHELL_.
"MOR~E<: LEVEL I1 OU T " : GOUE;J I 00)o!: GOTO .)

1250( T JME k Of-F: CL!-: C:HL)IR "C:: \S-:IMAN\L..EVEL" "SHEL.L
"MR-E< .LE-AEL I: OUT" GEJSLJ 1s:()Q:G o S

16iGCVTO 460
1,270 1((0ET 186,2! : CuLOR MlEXTK+1 6 : F'INI "PR~EPARING LEVEL. 2: F(JF,
(AN lIfJ!.T":SHEL_.I.. "CUF' C: \ S I MAN \ LEVEL2 \ LEVEL','. F



C -

LP MENU COMAND

1 7-: T IMER OFF: C:;' CHDI R (I!\NgL)L.F" :!;HEL.L "MORE -:ELADE3 DAT" i-;U
1J" i C:HDIR F'TH$ :GOSC

1 I1'ER OFf: CIL'-;H) F: "C: '. Nff[I)LF" :'.HEL..L. "MOREK. I PUT OCJT

I C !-J' C H D RE O A T H: (if) C H O- IF : \ N O . ' S E . L " M R .UC H N

I [Ot04r

1 i'' ~ -. :*::*~jsi.:$:t::::**t:fs!t::::.: DO'~ MENU C:OMMA~ND'-, 4 4t tt* : 4**f +**:f

1410 C L$:L 0C .TE S PR INT 1 1N D 0-, , TYFE. EXIT TO RETURN TO0
MENU.": LOCA~TE 1'' IlAP". I" F'RFE,*:: RN' ER TO PROC EE71CTO 005 " , 0
1411 .b T I MER-. O3F CL. HLLL 603T U L5

I4Z FINER OFFC' FI 'I L.-3KtL 1'' ':G~: 0 F!
14::::71M ER (i*F :C:',1 L CT~ E- F, R-I NT "1T HE CU RRENTI D I RE CTOR~Y 1:--,

L.O.: TE '-'' I F.'T"E::NTEF'- NE'W DIRI (TOFY: "PA-!H$: ON RF'CiFr G, Y

14!?- 1 EL L f L AJ -! E.2C 10, : , 1F N-1 'r I RE CTO0RY NO 0 FOUIN , P'LE-C: E RE-E N I ER
"lPriTH$:RE-SUME:GOTO 14:.::.
1 11.1" rC-:'.21 F'(-1H'-:6 -1 "'l-~r,

1 44C'(.. i O 4S-'

46C. 60FU 4S(0.
p 7,- . (3)0! 0 4 C.;,

1 4:!) 60O1 0) 4--I'
(..~ - (.J

15 0 GOT 16

I 530 GOTO F. -)C-

I1S,20 GOIO 4.-750)
15730 GOTO 450c-:()(
1.549: GOlf 10 ) C

1 5'0 GO FTi 4'u(.

15'95 9 l 0 1(

1 ~0') '.** ':*:**:k*' 4 *:*:L-c:f:(JROUNE) C:OLOFR' OPT I ON'7 C:OMMAN'E:4414:14 *:

1610S



1 b0 SO MB10F=~C 'NBCL=161 '

M E:F - : M F=i'( M E;l 'K r: i : MEAJ:C.Ltr2: 6010. SC)
I ' N- E. 6i :8A:.'TFM8At'# : MP.0CJftA=3 ,: 6010 SO

1 C. 70 MEAC.F TM,=NEAC: ME:(CL-'#r6 : GOTO SO
Tt 1 Ir- MP Jil :IA TiO> 7: 601 SO

if -"' iJf) 4 L 4 1

1 " ~f *141tttt: FRAME. C OLO OF0 FFt0':. COMND,-:s;st4tt~l tttt

1 71.C 0 MF p-,gME#=1: GC)'E! 40(00: 6010 SOO)
1 72 NFRViE*=1I GO.HE: 40000 )(-: GOTO 500"'

1 7:30V MFRrAME#<: GQAU' 4 0:O u(G01T0 5(0

iLt MVl FROM t4 'nO- 4 Ck 4000 0 010 .500

1 ~ ~ /60 GiF(.-P,- II 4f 'Ol D00 s ( C1 .
1 27 M F A M EIt= 1 4 0 306jE 4 0000 Q 6 01 0 50

17:-:4 01RHEt1 5:.00640' 61 00

- . *1 * * *11*1*1TEXT COLOR OPT IO)NS- COMMANL'&::4 :z::4::::t::::A

1 I MI Tt.xl IIPF=MIFX T# M TE X1 #=0- : (O010 SO
10MTrEXTTNPF=MTEXTft:Mr'EXT#=1 3010 50

1 TE FXi- T tF=MT ExTf #: MT E XT#=,.-, GiOTO SO
1 4'0 M TE X T fiP'=--rITEY.TIt MI E X TP G0 fTO SO

1 '~ E_: M 'I-Ai TI-F L::-=M-1 Fit14,: MT E XT Itrf = i1, 0 vT

1 TI' 6 11 IP=tl ExY it mTL- s, Got 10 .5)
1 :-~'I" kCiT 0 .45K.

1 4
1. -. 4 :i,.t:~~ * L):~ FV',., FClLi OFT ' FIN,- (A)MMANODS 1*::~:.t.:4.t::t v*'t ':J: 1

1910 ~ (U ti:k.k~ 310 E.()
1 9204riE0RDEH.#- 1: 010 SCI
1 930h MIE3RLER#=2: 6010 50
19 340C MV-FF:OERW= :O 1fv0 50f

10iIEORL GOT= : 00 50'.
11 ' FO-LEP15:GLTO .50
1:4-1-M E;u i uR D E Rt : G601T0 SO)
1920 MBORDER#=7:,GOTO -S0
1990 MLORDE#14:GOTO SLu"
1. (1 TO U 8.5 C)

(:0' :tti~~ttttj:*44>~j SL.E(:T AN,, I MIAT I ON F ILE COMMANDS $ : CC:f4$414 I

210S
I110 GOTO 3(

21 20. C LS 60519 SSOOO 6010 .S0
ElSO 610 45')

214(') (&JI1 4.10
2150 GUcTO 450('
2 1 60. GOi FO 450
.2"170 b6U10 450

1 PCO 6f) lII 450-
21?(, 6.FCC 45fl



So' 1. 4:.4:::ft*. i. .. MENU S_=EL CT I ON FROUT INE' .-_.;::4*t:*.444.4:4

' C.) CL -; Ml 1 M' M::=(-: M4=('.: M-5=:(: M6=0: M7=0: M8~=(--: M9=0 : M I(0=0: MMI 10: 01-0

-J M1 v0 M', 1 M4 ': -=C_: M5i7-ij: M5--(-) M 7=(- M:- Mzr.::ML4 M I0=(- M 1 =i': -r

C1'. L'- Ml Q Mi Q0 M:--;I 1 :14= MES=') M6-(_ M 17 = C:: M:5= c M3=0: M I 0=0 Ml ' GOTO

''' ~ ~ =( L 111 =C:' 11;=l - 11 I ML =C : r1>o M =0. rl I 1= 11~91 I 1 ' ~Jolu

2. CL M:l- C' 1 M 0114 =0 ME-- Mi I0 M7=0:118l=0-,: M9:C:4:MI M=01 10 (3P-;

* '' o '11 '': :~l('M6=0: M7= 1 M:=Cl:'_:41=': M 1 C= : M] I 1 C=

- ~ N ' ' IB4=/: __ ~=-M~= 11-1M--.=. MI10=0:1111I (SOTO

CL'-.,: M 1 C' M*l-=f'' Mc: 41 -( MbC): r16=C : M7=(-) ME!=C M'? C = .1 M 0 C M 1 0GOT'Fil

E;'_4 -S0 CL Ml -'- -) .- MAI= M S1,= 1115=0 M7:=() M- '1':= MI l=, M 111 " ,: 1 OT 0-

1-4 1 I0

w I I,

WcI I- E#2 N I E X"! #: MF~fC:I<A4; MF:0RDEP# *: MF RA-IlEit: FAT H$ LAYF I LE~: I-F ILE
4-L' 0II~I PE1-Nh7 1 ['Fi-I- tJHTIUT AS; fl.

f4 44-, 0 _I N

*tj $1.t43A 41 '-Et'IUN TO B:ATrCH F-]LE/RUN C:INEMA MENU ROUTINE .44 4:.

91 9CHOIR- " \NADMF-.N) U :::-HELL. "DEL NADME N'.!. f(iAT" :OF'ENl "NADMENU.DAT" FfUH)
OUTPUT A':: tf12

~20WI'l11 1 #2, t'1 EiX I#:t MEHAC:f-:#: MLBCjRhUllER** MFR'AMEI8; PATH$: LAYF I LE$: PROGI- I LE$
92:3u- C: HDI R' \NADMENU" :END

~1 I

110)I. LOJCATE 5~ :PhlN'T "PHE'=lS ANY K..EY TO RETURN TO MENUJ":GOTO100
1 - C.)0-_0 LOCATE 2S,24:FPRINT "PRE$$ ANY :.EY TO RETURN TO MEN'U

1 MD$' 10=": WH ILE MD$5="" MD$= INF EY$: WEND : CLS: RETURN

I10(00 18 .*44:*: t44::*.*: 4444.*: MAI1N MENU DATA ::**:*::4$2:.u::*:*::.:**. . :
I I 005s
1 1010 MI $= MA INr MEN." : MN=S: REM MT=MENU TITLE MN=# MENU OP'TIONS.

f.1U2 MOAS (1)" 60C rO S 3IMULAT IO(N IILNU"l
1 1Io~: MA$ l2.)=" GO J O LP MENU":

1 1040 MA$ .!, -" QU TO C. INEMO MI-N')I"
I1 IO.) _* MAV,' i I" 6iO 1O DO'S MENU":
1 I Qb: f MC)$ -'= " iO 'TO MENU OP'TION'; MENU":
1 1070 MA (6. .="

I I 0:Z_: MA 1 0(7.)

I t I )?0 r ,$



I C I (,l .IC,. " RETL kN 10 EN-..F'Y LE VEL ML !N'''
I !A 1 1:3 ' '-

1 f1 I i..1: t:: ::t:: t::tt::A, :!::: : ;1 MULA4 I ON ME N.! L)OTn .t.tt::t .: :t.>::tt:.t::t: t

1 : 1(' MI $= 'I MULAT I ON MENU" : MN= 8
I 2'.'0 ri ' j 'P-IIMULA IE EDI.TED LEVEL lIt
1 -'( M'$ ' " A IMULAI E El0fED LEVEL 2'"

1''4c, 11A$ MA IULA EDITED LEVEL. -"
1 'IL, ' M 4 : '" '; HOW LEVEL I O UU ":
1 PIP, (F, _-1 V = ''HOW LE_.VEL 2 OUIFUl

1 ' '. Mi). '" ' HOW1 LEVEL 3 OUT IPUT
_ MA$' 7 PREP LEVEL 2' FOR ANIMATION"

% t, --- ' RE' LEVEL.., F -OR AIM lATION"
I '<4 M t - i .

i t r'' REiURN 10 1- !J..N MENU'':

: -:v4;,, t.* : ::: : :$:: ::4 LI NEAR PRGR A IMNG MENU DATA* t:t:::::

1 ' ' 'LI NE AR P'ROGRAMM I NG MEN'.)" : MN=§,
1 - : :$ C ' IR-'N ME ' '' " :

".'. PA I U ''N MENU LP-",

"_', ms, 4.:" ' HO0 CALENDAR .DAT":

M ,H $ ' t ' NUT .DA- "
1.-:070 NA$ ". '-HOW MACHINE-;. DAT"

1~~~~:. :::1 t9 fiH, t:,' ..1 O ' ' . . [.I - F 1. E

14 C: H::. N': 1j:: C ,',N1 ) R L
1 M 1% I-

1 4 '''' 1- 4 1.

1 4'Ev 7.)V1 4c', Lo, M t

1 4Dm'-P) N It $

141 '0 M I- '' REIURN TO MAIN MENU".
1 41 .2'') RETFURN

*MENU OF"T"I(INS MENU DATA* :

1 MENJ OPT 1I MENU" : MN=SL
I M4,.' 0 ,,*- 1 ., = " C HON'E ! LA (c 'itO'NL' COLOR"

- - .50 MA , ' -" CHANGE FRAME C:OLOR"
1 L;(4'' HA "'' "H P TEX'
I M' /i $, 1 )z " H. i GPA6L L:ORdEt. C:OLOR":
1 6u.-, MU'. S, " C:LH)N6F. PR. .ENT DATE":

150(1',: M(,,I. ). " " :

1 M!7I MEF$ N
I - 1 H ,'t '4

1 u : : t::: :::::::::::::: :t*:t::t:: M N P T CI S M N A :::::::::::::::::::::::::::::

1 P.(5 t'



aJ

P17 1- 1 N~' 1 - R 1U t~ E!

67'' ~ ~ : * t 4 - :f If *f :4 :1:i:* 4: BAlUK:G:U C:OLOR ME NU D(YT A 4:1:.4.43:: f f. *4 :4::4: It.

I'' M!~ U 0RN L K oR OFPT 10 N'" M N

16K S E MA $4 ' FUE"
1 fri- 4'' S.)'' ," REE "

1 s 'U~4 '- MAOGEN-1 "

16 if M2w " E:' Pti' T C. ME N'. 1 c -r I FINS"

1 7' ' 1-1* '* * 544: 111 I FRAMF (.:f)LORC,_ MEN DAT 41 :t*:t*tx::ti 4.:t.

1~~~~~C '.K T ' FOE(7D;- OPT I ON?:" : MH=;:8

1 ' jK'rgs. 1 LY'

1 7)K: MG RE E''

1 71-16 MAs $ SF0R D"
1 ,('7t) MtS' $FE MAGENTA":

* 47:,-; MAIt 7
j " YE .O'4'j)

1 7 ', t

1 ~ ~ f 1.-* 1 7' J 'F.FYN - 0 ME NY OFT 1 OIN";

17 1'f

f1 44 :,4 t :t: 4 .4*1:t 4 TEXT I-rOL FE: MENU DAT A4 :t:*t.t:.:tt4.:I .t.4

1 K' MT T= "EXT COiL OR OPF I C Nt;" :mN\=:c:

1, ' OF' M ' 21=' E:L.'E"
1e4' 0 OS tl ='' GREEN''

SiMPIS 1 4 4' YAN"
1 lIf MfOS 5 RED"

1 '''' MOS NT A"

;') $ 7 Y YEL LCJ0'
1 Y:-1K I R E 1  E

I 0MA*F'.):
1: 11 '~ 1 K:' 1= RETURNl TO MENU OFT IOW "

11 20 RE FURN

I ~0' ':4.4* 4* 1 1 t:* * 4: O :RDER CDL _OR'S. MENU DATA ::.*:t42:;:*14144

19011) MTS="EUCRDEF:, COLOR OPTIONS" ':M=

I Q5MA4$( 2)=1 BLUE"
11_K4O MA $ (3 ) = " GREEN"
1I) 0S f) MA(4 1=" (YAM",
1 93060 M()$f.* ! ='" RED"I
13070)M. 1* 6 = OETA

1 ( 9 '--' MI-S 8':: IAi

M O11$' 9 YRLK.U'4



1 7 M-1 $' 1 r'w 1 M E t-,U' MN''E
tll ri I 1 [ ) l L...E L 1-.AYOJ(.T"!

''~)MgA$ i ANIMATrE LEVEL 2"1
"40 M AE E)iT LEVEL L LY OUT"

MI'5K t .4 A AN IMO r-F L EVFL "

c~-~: Y " +LA)YF I LE$+' LAYOU F

MAK: 6 t1MAE"PUGIE+

1 GO-EC' TO AN I MA FILONDMENU

1'MA$(- " HA'N6 US:-ER-DEFINEU FILE":
I ij f r*M, m
1 () MFl ( I

4 ~ * 4*:::s:i4*144DATE/DIRECIORY -UE:ROIINE:.:**.*.tt*4**4

:1. 1''LOCAT F 2 F FR INT " C:UF:FENT 0DIRECTORY IS: "PATH$
01)I LOC:ATE 2x :PITDAT E : RETURN

-:'' .:(

44 4*1*4..**.4*i4:t:.. 'SCREEN BORDER t.*.4*14U**V*4**

4000812 IF Mi EXTI*=ME-:AC+'t THEN GOUE: 50000
4uG0 1 0C:OLLOR MFR(AME #, MFb-ACV+# , ME:O RDEH#
4 0x LOCAIE , F-.TNSTR ING$(. I , CHRI$ '1 2I STR ING$( 7.5. C HR$( -:, 1;

1T: I1 NC-., I , C.HR$ (1: 57
4(,030 FOR MROW=:3- TO 2
400)(4() LOCA TE MROW, 2: PR I NI STR I NG$ I , CHR$: ( I6) LOCATE MROW, 78~: PR I NT
CTR ING$( I , I :f)
4 (**)r30 ( N E>X T M %O W
4006.0 LOCATE 2:--,,2:FPRINI -;R ING$( 1 ,CHR$(, 200). ;l RING$(75, CHR$ ( _O6.' I
S;TR I NG$ ( I , C:HRS 1:2:)
400)(70. LOCATE 4, 2: PR INT S-1 R ING$ (1 , CHR$ ( 204) ;STR ING$(* 75, CHR$(2 20S))
!:S'TR ING$ 1. , C:HR$ . 185))
40080 LOCATE 6, 2:PR INT '-,IR INGV. I , CHK$( 204)) STR ING$S(75, CHR$t. 20$))
-.TFRIN(-.i$( I ,CHR$f 18b).

4'90LOCAlI E 2 1 P R 1 NT '-;" R' I NGs ( 1 , CHRS(. 204) ;- ST RI N6(7. , C.HR$ (20(5.'

40100 IF M I 1 THEN LOC ATE 1 7, 1 5 PRI NT "CUQRRENT USER-DEFINED AN IMATI]ON
LAYOUJT F I LFEI "LAYF 1LE$
jA ('1 'if U 1 T HE LCC AI ':R1N "CURRENT (Y.-ER-DEF I NED AN I N 1 Dr
PHJGR ) I FMI :I -fL LOPCJG I E 1:PRIN



1r ' 'THEN MIfEXl1 #.M-lEX rTMF
S 0 1IF ME. T HE-NME.i:tMBCT

LI~.~IOCAO F 18 ii PRINT "S3ELECTED TEXT 'WOULD NOT BE VISIBLEB OrN
!-,LE- ICTEL' I E; f f:* 'u' 'N-jD"

47 OIW j 19 2400101 T " PLEA~SE MA~KE AN0T HH, E :EL-E Cl 1 ON"
b- ' RE TIU FN

421 t **::;t:I::::i*.4:4:';ER'-DFF INED AN IMAI I ON F I LE 3' IE:FOIT I tJ. :*:U*:*tl t: t'4

552_ Lu :ATE 3-, !4:PF-H-,INT "CHERRY POINT NAVAL AVIATION DEPOT"
S63 LOCAHTE 5,30F-RIN! Q)EFINZEE ANIMATION"

Efl- irl;-k)j A 'I N~"--0F i N IMA-!1.01ON LgYOYT FILE (N

sy k i - I 'fJ '*'! [jO ' E F I NEED AiNr4I M~ I N FRO3F-:lt F ILE ( NCo
EXTEI%I-. 1 UN " F -I'- LE$

I II1 1 -' PR I NTf " LgYO' F FILE NOIME I!:-------------------

SS1-C) LOCAlT- !3,1 F FR NT "PROGRA:M F ILE NAM1E IS---------------- -

! n1 70 LOCA f E I I NFUl "1!:; T1HIS:- CORRECT AS

CHP.! IFM gN$'- YF'" :HE 0!T EN2 0f-iY FOR ol-rTFUT g, z !:D F-EN

,'.' ,IN I cb , W U ! '' I A N " ,L AY 'F I L E $ , P 0 6 L E

55l E LOTE; 4: CI OE-
5 - 51. ~l - I lURN



il",D(W D&-. ta )e;rp* .

CLtAr'rent- User-Def 1 ned AfllriwEt i on F 1 l
Current F r~e C::or

Cur rent Frte: C ciir-
Cur rent- Breilc < c~r udcl

Cur rent. ~:t BcCot-lc o o



The GOMENU.BAT Batch File

i 1 Xi .:L c--i'c' t .e i d t t, h r & d)-1c.I E t.,-['F L s t. -J t

if e-.-s~t. Jrt t a 'at gj:: t,- e :: i t

il E1 i c r I ev e 1. 1v got:: er-rclirp
i -orleve 1W 0g ci i csimcanud

if erm b.-ee." I 0)gii~ c ineitaud
if -e r r!-i r I ev e I 0 V)O g-ti c siriianh 13
if e c r I ev e 1 9'3 g cttc c i ne ril3

j.f - rr1.k v e1 98; goi t c sir~n
1 f esr -- I &, v' e] 9 7 go to c i nerz-a 1

i ~ ~ ~ l f I ! i 1 1 g t. -- e I 1 Cr7!1
j eq* lee 76) go tv) cE ianL'd

f c-v v:r I evel 6 gi o+ ito c s irai-tn 1:--

i t e),i rc, i- e v e 1 goi- c ine -j 12
f ei y q "D 1 e ved TY g t:: e r r or

I f rI ,- 1-- 1 e l 27 go ic rIenu

:i I gti:e 1

i n ira1

i~ !f j t. oey

!-c hi r\C i nerla
, , 1 -1 FI:a I l vel
gao g etkey

C I neaiaQ:c

I' i r \Cile-flA
i i:ei cwilv 1 :

.jcito: g tk ey

C. I p' L r .\ C 1 lip-r11

goed I ay



Attachment 1

Sample Level 1 Simulation Files



-L ev e -1 1

t' 1,, '.e # Desc r.A p t 1 on

1 Station service time updated aut.orfiatical ly for
e.,ch 't..t.oc7 in sequence

72-30:',1 WitE'. t t.a me in macnli7e queues at. sta'tions 1-2-D
respec tively

1: Batch ar ir 1va! time to a station

F-ade Latchi type #

z::e : batch being processed

8.. _ *..:: 1 :: 1 ;: D E-sc r" 1. pt. i ,on

M.t:at i,:n nutibe;" (as assigned by S1MAN)

M=

t!,. Mc'Chwwa st t ,ons 1-29 respectively
M =2z4

E i t. _..t j.-n f or batc hes Ieavi ng the syster

"-LL' !LL'_E'-L D~zsc v i , .0

P: Numher sequence -- used for stat ion rout ingqs

t. ,Hout.ings for blade types 1-7 'espectively

F P DesLr itl i cn

1-29 Queue for batches waiting for machines prior t,
processing at. stations 1-29 respectively (input
queue--uses station # to deterrrmine queue #)

1-29 Wait times for- machines at. statio s 1-29
respectively (wait in input queues)



...... D 1:, T Des j"j t. c='n

NQ(1
t o Nurber in station input. queues 1-29 respec.i 'e y

NQ( 29

NR' ]

t. Resouc.e utilization at. statio-.s 1-29 s iy

NR ( 29.)

Pa. meters Desc r ip4t i on

1- 7 Blade interarriva! tires. for blade types I-7

respectively

- !:;tat3COO service titnes for type 1 blades

22 - 3S Station service times for type 2 blades

36 - 49 Station service times for type 3 blades

50 - 62 Station service times f or type 4 blades

E;- - 7F bta tion service times- for type S bl Ides

ib - so StL tn serv i ce tir es for type 6 blades

- 1! S;tat ion service times f or type 7 l ades



..Fw - -
- -

FILENAME: LEVELI MOI

Conditions: Instantaneous Transfer of Materials
Fi.:<ed Rontes
U7ifoIrr :cheduling Based On Yearly Induction Quantities
Fixed Batch .i te

Fixed # rk st at io-ns at Each Workcenter
Eponenti Service Distributions
No Breakdowns

fin' t e IQueue Sizes
FIFl Selivi :e Pri'r ity

MY"t-. -tAtLon P1.c!.tk Models All Stations
:UIn-l!inre Commrent.i ng

:t:Machintng Times Are For Batches, Not .lades

:ttt.As.igvt Numeric Values t: Batch Size Variables*:*::

SYNONyMN-,: Ft!1 ' 2: E,'S2 = 100: FS3 = SO' EISB = 90
E'SS = 94: BS6 = 100: BS7 = 50;

:t::t t-e-C.te P rvsa]S of Ba-t. hes; to the Systern:t ::

CF:EA- ,4176 :F l , :, :MARK(3 ); Create Bat ch 1 Ar rivals
ASSIGN:A(32)=I; Batch Type # = A(3-)
ASSIGN: A( 33 )= ' E.SI' Batch Size = A(33 )
ASSIGN: NS=I : NEXT( LOOP) ; Assign Route to Batch 1

CREATE,417WEM' 2,1)MARK(31 ; Create Batch 2 Ar-r-ivals
AS-;SIGN A(2)2; Batch Type # = A('2)
ASSI GN A( S2' Batch Size = A 33)
A IGN N!-: -"NEX T (LOOP): Assign Route to Batch 2

CREATE ,4176:EX(, 1):MARK31): Create Batch :3 Arrivals
ASSIGN A(2)=; Batch Type # = A(32)
ASSIGN& 'Ac 'BS3'; Batch Size = A 33)
ASIGN N-:=3-' NEXT (LOOP.); Assign Route to Batch 3

CREATE,,1392:EX(4,1):MARK(31); Create Batch 4 Arrivals
ASSIGN:A(,2)=4; Batch Type # = A32)
ASSIGN.A(D3) = 'ES,' Batch Size = A(:33)
ASSIGN: NS=4: NEXT(LOOP; Assign Route to Batch 4

CFEAME,,2085',E M5,I):MARK(31); Create Batch S Arrivals
AS IGN:A:(32)=S; Batch Type # = A(32)
ASSIGN:A(M3A = 'BS'; Batch Size = A(3:3)
A!'. IGN:NS=.b:NEXr(LOP'.,; Assign Route to Batch S

CREATE,,418:EX6, IMARK31) Create Batch 6 Arrivals
AS SI GN:A(32)=6; Batch Type # = A(32)



A' 1SIGN A(,3 = 6 ' -,'E:Etch Si ze = A(:-:

AIGN NS 6 NEXT( LUHOP.; Ass.ign Rout-e to l:atch ,

REAE ,3,4.. X( 7, 1 ): :MA~RL(:3: ) ; ~Create Batch '7 Alrriva]s
A SIGN A'32)=7; Batch Type # 32)
AS'..; I= ' B7' Batch Size = A
A':IGN, N'7, NEXT( LOOP) As 'n Route to EBatch 7

:::*.::'*:Model 't.ati:n Visits:;::-:

LOOP ROUE : 0 .0, SE . ;

S-T 1 0I N 1 -23 When batches arrive tco
stt. t .. on

ASSiGN:A(M+1 )=TNOW; Mark arrival time in, m(+!
QUEUE, M; Place batch in st-at, ion- queue
S IZE:MiACHINE(i.) .. ize anac hinre when ava iabie
1ALL':MNTL} - A W M+ I ) Reccord wait. time in queue
DEL-AY: W. 1 Process the batch
RELEA-E.MACHINE( M, NEXT( LOOP); Release rmachine; 6o to ne.:.:t

:t:*:.t*Dispose of Completed Batches:*::*::*:

'.,TAT. ION,30: Record total t inie in systerit and
FALLY :30, IN T(31: DISPOSE; Dispose of batch entitiy

END;



F:EGINJ;

FILENAME LEVELl EXF

F'[:,-GO .Ec, I' NA P , , WOR-"=HAh.._ ,,, .. , ...Y::,_:::

D I: 0 1 E , ::r00, F :- H(;, - :

RIE':-IU.RCES 4- - , MACH!NE I I 1 I I, 1 , , 1 2, 1'
7_,7, 2,:: 2,S, 4, 1 1,2! 2 . :: 1 ' ,'l 2

i, .,EX('_, I .. ,/ E :,_,E 9, .. ! ,EX.I1I.:, ! /24L ,5X 11 ,1 )/1:E:,E';(!2,! )/, .. .,,. .,
, . C E X E, E X 1A 1 / ,EX LI 1)/2I ,EX(1F,1 / I , EX(17,1.,/
- '. (, 1 EX ' 1 '4,i . : 4 . S , " 1 E X . I E , I E, EX 1- ,

2, ,II E EX 1 1 '-:, 1 24, EX - ! /2C 1 6 EX 21', 1 :/C1 ,EX(21, 1)/
- ' 27, 1 ,': E 18 l/1 4,EX' 29 1 3/2C, EX':, 1 3:,/12,EX(: , 1 3/
1k F ::' , 1 /1L E'4 -: 4 /:X4 14/, EEXX, 1 E/:- EX

1.4 E", f F _Y.3 ,/', E X~4 t3/24,X(4'-,1 I 1,X:II
4- ,EX :k(, I ,/1.S EX I / , EX:: 1 /0, EX(35, 1 3/20,EX(54 1)'

1 ,E:X( 4 ,!1 n E X 42, 1 / 4,EX.4:-:, 1 6, EX 44, 1 ) E1,EX( 4.S 1 /
. IEX(. 46,1 /10, EX 47 1. / 6-,EX 48' 1 /':, EX 4,1 :I

4. EX(SC,- 1 I O/I ,EX 4Sl, 1 /24,EX 52, 1 /18,EX(.:, 1 X3/ 4,EX(64 1 '/E X /L,,..,, 1 1 , EX CS._ I 0!I , E X (.. Sr7, '1 6/ EX 6:,.',,1) 18, EX( ':._ S9 I ',
16, E X :( I /!24, EX 6!1 1 / 6,, EX 'E., 1 /3C'0

1 E,X, : 1 /10, EX 64, 1 /24,EX E,5, 1 18 ,EX(6 , 1 / 4,EX(:,7 13/
12,EX I 1 /I 4 EX 7,I 1 ,EX(' 70 1/ 6,EX(T71,1 / ,EX( '72, 13
I , /:-., _ 1 24, EX 7-,. 1_ /.  E.,EX -l_'.., -1 /:- C

-X 7 1 ,/I ,E X 77. 1 1" S,1 X 781- 1 /15 EX (7' , 1 l , EX',
1 K I:[:' 1y -i- I-. E .:, I .) IS, EX ':.',1 1'2-4 E,: 8 4 1 !16 ,.E X ("L; I

'4 ,.4-- , _ '-. ./" it E-X', .4 ,z>EX : , ,1/ ZF , 1 , I E,,', EX ,

Iu. EX ' -I ,i / -, X(i'- , :3124, EX(9- I /:I:
7, 18. EX .94, )/22,EX 95, I 10 ,EX(_6, 1 /I5,EX(97, 4 E/24 EX(9E-: 1 /

-.. ""iX .'~' . . , , E X 1 0C 'O, 1 !/ L E X I!(:'1, 1I / :

I NQ 4 NO. IN QUE 4: 2.NQ(.:S.,NO. IN QUE 5:
N ,. 0. IN '_'IE k-;: 4,NQ(') ,N0. IN u.UE 9:
N'' '. NU. iN QUE 10: 6, NQ( 1 1 NO. IN QUE 11:

7, NQ 1 ) NO I.N QUE 12: S, NQ('1. ) ,NO. IN QUE I.S:
' 'N e-l ,NO IN QUE 16: D NQ('I:.),NO. IN QUE 18:

l I ,N' 0::I), NO IN I.E .: 12, NQ(22),NO. IN QUE ?:
1 N Q'4 , NO IN QUE 4: 14,NR(4' ,UTIL. OF MACH 4:
1 NR(. S). !-,U L. IF MACH S: 1, NR( 6),UTiI OF MACH 6:
1 /, NF ,?), Ul iL OF MACH 9: 18, NR( ) 1 U) U[f IL. OF MAC:H 10',
1',Nh(I1), urIL. OF MACH 11_: 20 NR(12,UTIL. OF MACH 12:
2!1,N (1.),UTIL. OF MACH 15: 22,NR('1,),UIIL. OF MACH 16:
2:-:,NR(I: .:),UTIL. (IF MACH 1:S: 24,NR(20),UTIL. OF MACH 20:
2S, 1 P( 2':.),UTIL. OF MACH 2;: 2,.NR(24),UTI1L. OF MACH 24:

FARAME I ER-:

I , 1 . 2 4 . _: 7 ., 1 '. : 4 . 14 .4 :

El9.: , 1 9.132: 7, 11 .7:
1YI-E 1 E:L.ADE '-:;.EHVI(:E TiM.F'.

, .' :: .9. 10, 4. C)0: 11 , :50: 12 1:21 : 1 :3, 8.C.. 14, .. (



1 S, . 0: 1t(, (.0 : 17, 0..27: 1 , ( 21 : 19, 0 0: 20, O.S(9 21, 0.27
TYFE -2 BLADE -ERVICE FIME'-.
2 , 0.$SO: 2:, 2. 0( 24, 1 .00 C . I o0 :1 2?6, 1 0 : 27, 1 .SO: 2', O.

S 00 0: 1, 8. 00: 2,10 0 ;3, Io : 34, 1 .So: "-, 2.50
TYPLE BLAD SERVICE TIMES

F 3 : .'' 7, 1.. : '8, 2_510: 3 , 1 .00: 40, .00 41, 1 so: 42, S.0
4 , 8.(0: 44, 1 00: 4S,16. 00: 46 10.00: 47, 2.50 48, 1.00: 49 1.SO

TYPE 4 BLADE SERVICE I IME'
0 0 2 1., 4. 00: 5 , 0 SO: . 0. 21 : 54, 8.50 .55, 8.00: SE. s.0K::

57,.. .00: 58, 0.7 B 0 .21 60 0.50: 61, 0.S: 62, 0.27:
TYPE. S BLADE SERVICE TIMES

0.27: 64, 4. 00 6 , 0. 6 , 0 21: 67, 8.:. 68, 8.0': 69 , C 0
70, ::.O : 71 0 27: 72, 0.'1.7. 0 SO: 74, 0.So: 75, 0.27
I YFYP-. BLADE SERVICE TIMES
76., 0 .L0 77, 1 .o: 78, 2.5o: 79, l.0 : E0, O..SO: 81, 8.00: 82, 0.SO:
85K: 84 1 :O .5 1.50 -, 1 S0: 87, 2.50:88, 10.00: 89, 1 .S0

'. 1 . 1:9 . . 00: 9, 1 .0( 93, 1 .50:
f 1YPE 7 PLADE SERVICE TIME'
94. 0 2: '5, 5.00: 96, 6.25: 97, 006 . 2, 1.00S 9(0, 4.00: CC-,4 4.00::
101 , I bO

[4ALL I- 1 TIME IN QUE 1: 2 TIME IN (QUE 2:
TME IN QUE :3: 4,TIME IN )UE 4:

5,TIME IN QUE .5: 6,TIME IN QUE 6:
/,TIME IN QUE 7: 8 TIME IN QUE 8:
9, TIME IN (QUE 9: 0, TIME IN QUE 10:
11,1 IME IN QUE 11 12, TIME IN QUE i2:
1 lIME IN QUE 13: 14.TIME IN QUE 14:
15,TIME IN QUE IS: 16 ,TIME IN (.QUE i6:
17, TIME IN QUE 17: 18,TIME IN QUE 1B:
19 TI ME IN QUE 19: 20, TIME IN QUE 20:
1 TIME IN QUE 21 :..TIME IN QUE 2:

1 TME IN xlUE - 24, FIME IN QUE 24:
zs, I IME IN UE ,_..:, 26., TIME. IN QUE 26:
27,TIME IN (lUE 27: -,"TIME IN (QUE 2l
29,TIME IN QUE 29: 30 TIME IN SYSTEM:

REPL ICA E. , Q ,2000



IMAN Run Processo r
Version 3.5

License Number 881039

Systems Modeling Colrporation licenses this program for use by

North Carolina State

This program may only be used or copied according to the terms
of that. license.

Please press <return> to Legin the simulation.

Recalling the PROGRAM file c :\sirrman\level1\level! p

SIMAN Run Processor Version 3.5
Cpyright I 9:r , 9-.

1
., 1-'587 t-y S'stef.s MIdeling lorp

Eeginning execution of run number I



S-I fiM4 Summ; r~na y, .F~er'c' t

IHu.n N-uribt:el 1 :,' I

Pro.ect; NADOY
A Y , tt W 0 H k MIP_:

Date 1% :/ 19-'

Rum : en-d-,,.M a.,t t ime. .2:O L+L:,;

Tally Var iabl e s

N. qiw f jer Average Standard Mini n 1 .mUl Ma:: i vIe , I .iile-
Dev iat. ,on Value Vale .1b-

' TitlE N (1H , 2. .!:-,:, .I 271 04(.. 2, 2.:51 .n 2 !7

7 1 ML 1 N iQ 7 . Ci )t- ,' . O .i . . 9Q..O7) '.
11 E ~ q ] l { . c 2 7 i , ' _- o ( M -( )( J , ,0 : : ( ) ( o l Z -

'-4 tlME N Q.E 9 64681 . :324 1 2 .0i0(000,- 3-. 06934 I 5
0 TIl IN U'. ,E 1' tC')C[ -  (-lCli(-0. (_f (-f - .0(1 0 0-U(. 34

"F r. .4 95 1 ' Y i:, )' .f NJ I NC, ((0 . (,(3,(9 I I31
< V .' I .CJE J- '':,,06: '',,4: it-l )) (is .o-. '. . (''0' ,

U! E ! t " - 0 fl! ij (_,(-! ) C-., (:! t) (:) ,

&4 fftbyOEt7 4 2

* ,:.- iCC ',tIL CL '4! I -,l4 'Kd4K ,-, lCu'h'" l 1 "i - . '::~ e

. .Nt I ( 5 i - . flt ff tI 1, fl ( iii4. I j )( C.
7 ! 1 1E IN (' i - _. 17 (fl) f -) i 000itff-0'' . ,()l, C
8 1 ift IN 'E 'L ', .-'p-!,'E 2.5. I0 . '. :-'.031".-80

z 4 E [r. ,il,- 1 . 'nu, . ,0K,:)I .I(N00,:E. ()0C, ,_l

d £1i':: ill '-1 L PJ 'dv.,1ID 2. 1 9214 .QI(iQQ .) 1/ f-Z' ;_ ,
U'E ! :RI!S' IN '' t- :, ti - F f,'l'l' [i'li-ii(i'(i')"C ()"()-

Ill,- S 1K N t', tL t- 000)' .000:):(6 0i, '.'. 00:000

ME#~ I t., ukL -t"0

-'::: IE I t,.! (! jE 4 t. .' F . ,5: -; 12, 4:9 1,- 4 ,0 ,

I~~ ~ ~ ~ ME J I I E 11 4 256 12 1640 129.42 in



Discrete Change Variables

Nu -r I dun t i f i e r Averaqe Standard Mini rum Ma...: i Mu: Ti me
Deviation Value Value Feriod

1 NO. I N L.'E 4 ( M) 00 00 2i00, 0)
NO. IN QtUE . .8 .6- .00 4 .00 2000 00

i NO iN (UE : 01 "1 .00 2.00 200 00
4 NO. IN Q JE t () O O0 1 .'I 2000. 00
s NO . IN QUE 10 O: 0 00 20005 '

S NO I N QUE 10I 1 O0 O0 O0 20 O0

7 N . IN QUE '12 00 (0 00 Ou t 0(7
: NO IN (.UE 1 I .. o2 O0 S . 2.. W0 O 0
9 . IN (,ilaIN 16 O0 00 L' (. .

I NO IN Ul E 01 1 )0 2 (m.. 200i-0. 00

NO I N (.,(, - 2L : . ::-"-. O0 2 00 ( .0
NI) I ,.! ''IE 2 .77 ( .(, : 2- (0 (j

!4 UT L ,F M A t.H 4 .... 9': .7:9 .00 4..00 2000. W)
0, IL OF M ..H . . .47 .0 2(: (-:,: :(-:)

1 , il L. OF MA U.:H t 29 10 ..... '2": t00 ] 0 kj b
1 .U 1 L . F !" A- H ' :47 . O0 2. L V . ..

1 UT I L OF MACH 1 1 .49 1 .4 00 43 )C 20(0.m)
i U; IL OF MAC H !1 .) 29 O0 (2.0 2000.0

ITIL OF MPCH 1 .14 .47 oO0I 3.0 (o2"',

1 (IL. OF MACH 15 .59 .76 00 2.00 2000. 0
-"'. J -- T I L. OF MOCH 16 14 C)0 O0 20 0
-: (-IL. OF MACH 18 .07 .26 O0 1 a00 2000.00
2- Vii 1i OF MAiH - ( ._, , .. .- 20 .(w .
:- Es U OL 0I MACH 22 46 .,67 .00 2.0..

'! iL OF MAlH .24 -0 4k .00 1 00 2000.

-, i rmc 1 Minute( s) a.d :3-7 Se cnds

5t t,- F :,q r iim t rrni te .

t.



Attachment 2

Sample Level 2 Simulation Files



HIw

SIIi(4 Var aD e Di t i cnarD Level2

Alt t r ihut e 4 De scr:_ _i;1 ,_2

1. Stati o batch service time -- updated
automati.,cally for each stat ion in sequernca,

2 Mac :hnli attr i tion rating

IJni1.- .1 ,(en tranc,:-) bat. c ii :e

4 1de: .... # ot1f AGV being used f-'r transprt t.o net
Station

SEat.c h ar r iva "Am1 t. i e to systerml

lall" variable for individual batc!-: flow times

7 W.it ti eb. in queue Attrilbute

_,' )ynarni c (attrited) batch size

F; tb t. ICI ,ns Oe " ru :,t ,

N1 S-tation number (as a.-,qned by

oMacti nn, stat.ins 1-29 respectively
M V9

._-'. E.it station for batches leaving the .... ter

31 Et.-ant:e st at inn, for batchi s a ri ving to the
systern

NH Number sequence -- used fc'r station rcoutings

t Ru,tings fcr blade types 1-7 respect'ively
N S



F II s t

1-29 Queue for batches waiting for machines pr.-,-, tU
processing at stations, !-" _i. respectively (i1.m'
queue

( C'tueL.?e for new batches -waiting at entrance station
fu cr1nspirt ti first station in seque-nce

11-59 Queue for batches waiting for AGV transport to

ne::t satn in sequence at stations 1-29

G ..__._ __ .._.__!eta ! a _r, _. , ± V..lftfi:j l14'.
eI trt t I' V&I Ye ( C' Uc 1t qkn

X' 1 Number of batches in system

.. Number o b.atches through syste

Nuni: Cer it blades through sy tert

-".. r t. f r;. . -o-. r :::.., n c-s a t.. st.a=kt-io ns I -2:4
respectively (wait in input queue); r

W - 6:,- f,---:l t. aty St. statio ns 1-2? res pectively

(,Wait in output queues)

59 .a tc h type 1 time in system

, ta ,t.,: h type 2 t I rai. in system

0i Batch type : t i me in system

-,.tc h type 4 time i n system

E:atch type S time in system

E Batch type 6 time in system

6: Batch type 7 time in system

M, Overal 1 average batch f lowt.jnire

S/ Weit time flo repair



N) Numihe r in- st K-.t io n1j -put ( M ac h ) queues 1 -29
respec t iVelv

N NUnher i ~n entranc s t at -! o :Y) uu

N' C, Nurtie r i n stat icon o-utpr-ut (flGY) queues 1-29
Q,1 respec t i vol1 y

Ni E: Nurnbe" 3 il 11_ qeue?

tc RPesoaurce utilization at stationrs 1-2il respectivelv,.

NR'SO Repatirmen resources utilization

i 1 Nun-1'bC r of m11:AChivies upAr ( no-t. br1 c'k en do-wn ) at
LO ~stat-ions 1-2'.- respectively

MR( Z%"~

NT 1 : Nuber cf busy transpo_-rteirs ( AGVs ) ( transpcr t 1 mci

MT, I Nun:Lhe r of t vs vspo rtens (A(G~s ) up ( no-t brik err ow

A I Nvinter --,I ba_ t c Ls inv sys ten;

2 NLJIincr of baztchles through systemn

Numbher cit hi ales thrcugh system

1 , Blade interarni val timnes for blade types 1-7
respec tively

S1 Stdetion serv--ice tim%-es for typ-e 1 blaides

-:S5 '3tuati.-n service t.imei, s fo,-,r type 2 blades

4R 9? Stat ion service t imues f or type :3 blades

6"- ~ tat. i on s e rv ice t in-es foclr type 4 blades

-75 a t. t -in seor vi c & t i nes.- f Icr type 5 blades

76 - '3 S ta. t.icn se r v ice ti 1mes f or type 6- blades

z! -1 1 S ta t i on srv i.c e t i f---for type 7 hi 1 ies



AG fat lure rate paramneter

A OS(V repai r rate paramneter

(.4j Ma-ch ins ( c c'ri'n ) f ai lure rate paramoeter

JOE MachIne ' mcn)repan 1 r ratt parametert.



BEGIN;

FILEN(iME: LEVEL .MO'

$1imu]I t cor, Co:nd itIo LI.

IransLcortation System Included
Fie ~ Routes

i ,fo m T heduling base-ed On Yearly Induct-ion (AAuai-itt Iei
Variable Batch Sizes to Account for Attrition
Fixed Permanent W4ork stations at Each 1o rkcenter
Exponential Service Distributions
GV Breakdonws Mo dl> eled

Shortest Di'wi e O-io.vtyn t] ,GV's
Mac."hine B a:do=5 Modelled W~ith Alter Bioci< ..mo,
En.I.ponential ' 'akoIlt and Rerpairin
!r-f~irite (aueLAO S ;r.:

FIFO ServiCe Priority
One 'tatio Block Models All Stations
Output Queue -all ies IncIlutded
Coeict Statistics on Number of Batches in System
Reduce Number of Attributes Per Entity
],lgJ1iV\,11dual Flc'wtirne Statistics Collected
Varii. e Offset irme i For Batch Creatiors
Cap,.rcity Limit on Number of Repairmen (10)
Collect Statistics Onh # Batches & Blades Through System

*1: t ,tt i hut ,[ D cticnary :,tt

Ni- itti cvi NumbLY'

N- Sequence Number / l.de [ype Q f or rout i1g to st.at ions
A1(4 - .Att h M akchining Tire
i2 - M-rchine attrition Ft. inn
A(:;- - ,~i+.t.i.ail (Entrare) atcI 1iZe

4 -A V l''lnber

A( , -. atch Arrniv.i Time to .-2yster
A!1 i T l ar. i.ble: for lydi',iduaJ Flowtimes
At 7. w- it Tirme Attribute
A V.ariable GM.r1ted) Batch Size
A' - Al1I. ' n 11 tv ) Variable

:f:t:: Create Arrivals of Batche-s tc' the System :t::t::.

CREATE, ,EX(1,2.):EX 1,) :MARK)' C:reate batch I arrivals
ASSIGN:A = 92; Batch size = A(3)
AS, i GN: NS=1 :NE X I (BEG) Assign route to batch I

CREATE, ,EX2,2):EXY2 .1:,MARKIS:; Create batch 2 arrivals
AS-.I(,N:A(-:) = IO; P-atch size = A(3.
A'..N:NS=2;NLII'BLG. ;Assign route to batch 2



CF:EA1E, ,EX(3 2) :EX(:-:, 1) :MAR -'( 5) Creat-e batch :3 arrival-
A~s.Z. =W~Eath z A ( )

I' -IN NS=- NE 1 EE. Assign rout-e to batch .3

ChEA-i tL.EX (.4,2 EX (4, 1)MARi.5 fi Creat-e batch 4 arrivals
AS-1IGN:3 AC 9,, Batch size = A C:3)
A'SI J(7N N. =4: NE- X T(BF 6) Assign rout.e t-o batch 4

(f,E .I E E X 5 2) E Y(. b, 1 . MARf: (.!5 Crezte batch .5 a r 1,i ,a!
A9lN t -4, Batch size = A (:-;.

* N:.-- NE ' I' BE) ;Ass ign rout-e to ba t ch 5

CREA1 E E , EX (6, 1 ):MARf (6); Create batch E. arrivals,
=S 100A * u; Batch size = A C3I)

ASI'N N : =6 NLx -1 ( BEG:: Assign rout-e to bat-ch 6

CF-E, J TEX 7:2. EX.7, 1 uM()K y Creat-e bat-ch 7 arr,,vais
=- 3NA So'; Batch size = A (. 3

C-IN Nr 7 :N E. B HE ( Ass ign rcout~e to batch 7

.*::*:.*:*:t:4t..:: Be fcore Routi .ng ~::*::*:*::*::*

EEG S16N:X( 1 =X 1 '+1; Increrment. total # batches in systemn
2: (N(9. ~N: Assi1gn batt ch type to':'Animi~:,tion van i able

A%;GN t. '= 3' Assign variable batch size init-ial vzalue
R'OYIE(9 1) 1 Send bat-ch to ent-rance station

:t~::Iit:414Ent rance S' tat-ion:z:::.twtt:tt

VTAj I N 11 WIhen batches. arriv*e to-- sys torit
I (SI N : A 7 )=1 N 0 ( MtkcI:trrival tit.:e to station

QUEUE ww[ Q batches wzaiting for trarispl:rt.
REQUEAT:Au(nY :D)-4); Request. AGV--A:4.=AGVt#
I AL OS9Af W - A( 7; Rercord wait. tiri-e n1- OUtp!ut queue
RAVI FORT1 (GY K(4.)), SEQ ; Move to 1 st. stat ion w/A6V *1 A(4);

I*t:4441:*:t1:*:1 Mc'd:el Resource Station:J- kVisi t.s :1**::.*:.**

AeII UN , I1- 9 When bat.c hes arrive toc a st-at. in
F REF :AriV( A(. 4). Free t-he AGV that. transported batch

At:7 :=INW ; Mark: arrival time in A(7)
QU.EIJE, M; Place batch in stat ion input queue
S~LIZE: MACHINL M; Seize machine t~hen available
T.,-I.LY:M ,TNfI'lJ -v 17) Feccord wait. t-ime in input queue
DELAY A( 1 .)/A' 'tAt -' Process the batch

AKINAc:? I 8At itv); Dec remient batch size (attrition)
RELEASO MACHINE M; Release miachine
't S At. 7 '- NOW; Mark mach completion time in A( 7)
QIJEUJ ( M+:-:(: ) Place batch in st-at-ion output. queue
REQUEST: A(3V' [SDS 4 Request AGiV--A(4 )=AGV#
TOLLY:M+29,TNOW - A(7); Record wait. time in output. queue
TRANS::PORT :AGVC(:4:) ,SEQ; Move via AGV t-o ne::.::t. stat.,--



v-w

; :*.:$::: E it Stat ion :t:*::t:

;TATI ON,30 When batc hes arrive to the e~xit. station:.
FREE:GV(.A(4).); Free the AGV that transported batch
ASSIGN' A( 7)NS+bS. Assign A(7)=Batch #+59--Use in next !ine
TALLY: W 7.i ,INIT £S Record individual batch times in sys
AS.IGN X(I =X( 1 )-I Decrement tot # batches in syster
ASIGN X 2)=X(2) + ; Increment tot # batches thru systeru
ASSIGN.x ( 3 =X 3)+A(8, ); Increrient tot # blades thru syster
TALLY :66, INT( :DISPOSE; Record batch summary times in sys

:$':.::: Machine E:reakdowns ::*::t:

CkEA.E, ,EX (104.2) EX( I 041)/1 Create station I bd entity
ASSIGN: A(-1)= Assign station # to A(1)
ASSIGN:A 2)=MR(I :NEXT(DECIDE) A(2')=# up, go to decision

C:RFATE, ,EX(.104,2):EX( 104,1)/i; Create station 2 bd entity
ASSIGN: A -.I Assign station # to A(. I
A',.1N: A(.' 2)=MR(2') NEXT (DECIDE.), A( 2)=4t up , go to de i s i or

CREATE, EX 14. 2) :EX(104,1)/I; Create station :3 bd entity
ASSIGN A (1 I Assi gn stat ion # to A (I)
ASS! GN, A(2 N M A fNEXT (DECIDE A 2 =# up, go to: dec ision

CFEA7E, EX i04 *2 '. :EX(. 104.1 1 )P:i : Create stat. ion 4 bd entity
A CIN At 1 4 Assign stat ion # to A( 1
ASI G! A Rl 4 NEXi (DECIDE.) A(2)=# up. go to: dec ision

CREA.TE , EX 10 : EX( 1 (4, 1 )/I C reate station S bd entity
ASI 3N A ( I =- Assign stat ion # to A( 1)
ASSIG;A* I=MRl :NEXT(DECIDE A(2)=# up, go to dec ision

CRE A TE EX' .04, 2) EX( 04, 1 .)1 Create station E, bd entity
ASS'IGN :A'I)-1Assign stat ion # to A(!)
ASSIGN: A()=MR(E) NEXT(DECIDE); A(2)=# up, go to dec ision

CREATE, EX104,2):EX:104,1)/1; Create station 7 bd entity
AS.IGN A(1 ) =7; Assign station # to A( 1
A1 :SIGN A2)= MR 7: NEX I(DFC DE); A(2)=# up, go to dec ision

CREATE, ,EX( 104 2EX(. 104,1 )/1 Creat.e station 8 bd entity
AS3SIGN: A( 1) 8; Assign stat ion # to A( 1)
AS'.SIGN:A( 2=MR ) :NEX-1(DECIDE ) A('2)=# up, go to decision

CREATE, EX(104,2.) :EX( 104,1)/2: Create station 9 bd entity
ASSIGN:A(1)=9; Assign station # to A(].)
ASSIGN: A(1) =MR' ):NEXI(DECIDE': A(2)=# up, go to decision

CREAIE , EX'(04,2) :EX( 104, 1)/10(: Create station 10 bd entity
ASSIGN: A( I .=10: Assign station # to A(1)
A-SI A NA(2)=MR(1O)0:NEXT(DECIDE); A(.2=# up, go to decision



C NEf-TEE X (1 04,2):E >1.104,1 >/2; Crea te stat i cm 11 br! ent 1t y
AS251GI N :A( 1 .)=I I; Ass Ign st a tion ft1 tn -- A1( I .
ASS'EIGN:A(2)=MH( 11): NEXT(DECIDE ); A( 2.)=# up,, go to decision

-'REATE: E £X. 1i04, 2) :EX( 104, 1)/7;: Create stat ,c'n 12 Lid ent ity
AS-S I G N: ( 1'I Assign station # to A(V

ASSIN: c 2=Mk 2 ' NE P DCID) :A( 2)=#t up,, go to ccisn

ORE ATE , EX C 10, 2): LXv104, 1)/2; Create stat ion 13bcc entity
AS ;I G N :0 ( 1 ' : Assign st a t ion f t tc, A(.v

''M.S.:LT(E)E A(2)=# up,, go to decision

CRFEATEEX(104, 2': EX({104,1) /2; Create station 14 bd er.tity
A .iGN: Ac 1 I' 14; Assign station # tc' A' I

ASS,'IGN:A' 2' MR( 14) :NEXT .DEC:IDE); AC 2)=# up-, go to dcci sicn

C:REATEE "( 104:2) : X' 104 , 1/2: Create station 1.5 bd enitity
ASS'1GN: 0 1 1 5; Assign s tat ion 1-1 to A I- *1.
A'; I Ci N' A' -M~l' 1) L NE XTI'(DEC:I DE)3 A(2- # up,, go o dec,>sicon

r:REHTE I- \(10'4,2' E"(104, 1) /S; Create stat ion 16 bd enity
A I GN A.'1!' Assign s t atio n ft to AC( 1)'
AS SIGN Ac 2 M R( Ite. N L X 1( D EC:E I D AE W2)=# up,, gc' to dec ision

CREATE LY (~14,):(104,1)/4; Create station 17 bd enitity
OS'> 1 GNM A( I'l 17 Assign S-tation ft1- to AC 1):.

WSIf 'A'' -1.'( 1 7 NE fX 1 DECIDE);~ A'(2.-ft# up,, go-- to dcision

CREAiTE F El' '4,' F X(C104 .1) / 1 Create stat ion IS bd entity
At -SI GN: A' 1 1;3. Assign station1- # to AW 1)
Awc:; I GFI: A' =MR I F- NFX T f DEC IDE) A( 2)=# up, go to dec ision

CREATE,,E vl1(14 :E (104, 1)71; Create station 19 bd enti tv
AlSS. IGH Ci:A 1 '19 -t Assgn stat-ioin #* to AW.1)
ASSI111N' ' )Mcl9 -:'NEXT VDECIDE ; A'(2)=# up-, go tco dec ,sion

C:REATE,£ ' '10'4 ' :E/(1 04,1)12; Create stat ion 20 bdFr en.t itv
A!:;SIGN: A' 1 I :)=(j Ass ign staZtion1- ft to A( 1 :
ASS :'IGN:Ac ' =ML'2 "' rE'1( DECIDE) ;A(2)=# up, go to dec isl~c11n

CREATEE" '10(4,2' E"(104,1)/ 1; Create station 21 L"d enitity
A I; l,iN: Ac 1 P: -2 1 ; Assign s ta t ion #ft to A' 1
ASS 16N: AC( 2.)=MR-,( 21 :L fX (DECAIDE) :0A. 2)=# up., go tc'-- dec ision

CREATE.,,EX( 1(14,2): EXC 104, 1) /2; Create station 22 bd-- entity
A'S 16N: AC 1 )=.; Ass ign Station # t.,1 A' 1)
AS!'; uN : AC 2)=MR( 2:2) : NE>.T. (DEC:IDE ); Ac(2)=# up-, go tc' dec ision

CRE~ilE, ,X (10CIA F"(104,1)/2; Create sta;rt io-n 23z, bd entity
A IGN: A(1I :)=23 Assign station #t to A( I)

A SIGN:A2)=MR(23):NEXTPDECIDE9); A(2)=#t up-,, go to, decision

C'REgTE ,, E XC104,2):EXC104, 1)/ 1; Create station 24 bd entity
() I6N : AC 1 )t- -4,; Ass ig.In station #t to A( 1 .
AS'', 1GN : AC( 2.)=M[-( 241 NE XT (DEC I DE ';A' 23# up,, go to dec isicon

CREAlE, EX( 104, 2): EXV 104,1)/i; Create station 25 bci entity
AS':JGN :AC 1)r:25 s~ tn satio *.1- - to AW 1 )
ASS.EIGN:A.:2)=MR.2&):NEXT.DECIDE:; A2=# up,, go to decision



CREATE, , EX .1014.2) E X . 104, 1 1/1; Create s t.at i c:'n b!E. 1 ern t ty
A. IG N A' 1 , 2.-E Assign station #to A( I

AS I GN A 2) =MR (2E)- NFXT( DEC IDE): A(2..=# up, go to: de c is I

CFXEA I E. FE X ( 1(14. 2 E X ( 1o4, 1 / 1; Crea te st-atioin 27 bi: eritity
ASI:JGN AW 1 -7-Assign tat ion to .
ASS' GN A (2' =flP ('7" NEX TfDECI DE I: W A2 =# up, gE' to dec ision

CREATE- EX( 1r')4, 2:.EXt (104, 1 )/1; Create station 28 bd ent ity
ASIGN: A1)~ Assign station # t.o (A I

ASS IGN: 2(.) =MR2. :NEXT (DEC:I DE) A(2')=# up; go to de c is ion

DEC: IDE B:RoNC.H. 1 !If all mac hines down,
IF, 2EQ 0 DIS : 'Dispose of breakdown ent

EL':S'E, MACHET); Otherwise, perf bd/repai r

tIOCHEL AL-1 LI-, MgA H 1NE Ai. W. I Dec reri-ent. # machines by I
A'.-S= I 6N : A' :=T NO I., Record entrance to: rep
QUEUE , 6C.; Wait in queue 60for repri-an
S E I 7E : RE PMA N Seize repaiirmi-an when aZvail
TALLY: E./,1I NO6.-A( :3) ;. Record wait. time in rep Q
DELAY:EX(1U.%, 1): Repair the miachine
RELEASE: REPMAN; Free repairman when comp
ALrTf R : MAC:H INE (. A( I, 1 ,:-ISPOSE: Increment # machines by, I

when repairI is com-cplete

:$:$::: AGV. Break downs :::*

IFi t:. :E"1' . :; Cr e,,t e A G V 1 E r e 1 d c, in
A::1'N A (4 1

BHKANC:H, I1: !If AGV Al ready Down , Dispose
IF , I 1 I 1 FEC 2. D 1S P: lof EBre al::down Entit-v

ELSE, AYHO ~:Otherwise, Perform B'reakow

(REAlE 1 , ,-X' 1(',!,'7 EX: I132'.)'1 Create ACGY 2 Eradw
.- I GN : A (4 4:

L(b'ANrH. II if A6V A] ready Down, Dispolse
IF, I T 1 2 Q - , DI,=,P ocf Break driwn En-tit~y
E L,::E .. AGVED Otherwise, PerformBrkdn

r:.F X u X 0, Create A6V .>Breaik down
AZSSI G N : A. 4.)3
BR:AN:H . 1 .If AGV AlI r eady Down , D i sp'o.e

IF,*IT(' I E .:.EQ .2-, D0IS, P o1f Breakdowin Enti ty
ELSE, AGVE:D; Otherwise, Perform Break down

CREATE ,F..0,2 ( 2, 1; Create AGV 4 Breakdown

E;H-,AN(H HI: ! If AGV AlIready Down, D ispose
IF, IT( I , 4. EQ ., 01SF :f Break-down Entity
ELSE, AGVBD; Otherwise, Perform Breakd:'wn

CR E A TE, , EX '102, E) EX (10'2 ,1; Create AGV .5 Breakdown
A SS I GN: A( 4 :l

:AIN.C:H, 1 I If AGV Al1.ready Down, D ispose



IF. IT 1 ,S).FQ. 2,DI SF'; of Break dcwn Entity
EL-E, A6VEiD; Otherwise, Ferlorrt Brea:kdowr

CREAIEEX( 12.2):EX (02,1) Create AGV '3 Breakdown
ASI GN :. A~ = 4

BRANCH,!: If AGV Al ready Down, Dispose
IF, ITI*, .E.) F ,DISP: !of Breakdown Entity
ELSE, AGVE:D: Otherwise, Perform Breakdo ,r

C:RE ATE , ,EX (102, 2.1 EX (1 02, 1) Create AGV 7 Breakdown
ASI (3N: A( 4) =7;

tRANCH,!: !If AGV Already Dowon, Dispose
IF,IT (1,7).EQ .2,DISP: !of Breakdown Entity
ELSE. AGVE;D;: Otherwise, Perforrm Breakidown

CREATE, ,EX I022 'EX( I2 I Creatte AGV 8 Breakdowni

I- A H If AGV A I reaid v Dcwn , Di spose
iI 1 1-.,:1 ) E .2 I,S. ',:f Breakdown Ent tity
ELSE A3VE:; Otherwise, Perf orm Breakdown-

CREATE, EX (102, .2), EX (12 1 Create AGV 9 Break:down
ASS1GN , (4)='9
BRANCHI: I f AGV AIlready Down, Dispose

IF 1 T .9 EO 2DPSP !i of Breakdown Enti t-y
ELSE, AGVE'LD; Otherwise, Perforrm Breakdown

CREATE, , E X . ]02 , 2 1 E X 1 02 1 I 22) Create AGV 1]0: Breakdown

AS I GN : A 4)= 1 ;
BRANCHI : !If AGV Already Down. Disp.se

IF, ITl 1 , 10). Eu 2,DISP lof Breakdown Entity
ELE:-, , A V-m V ; Otherwise, Perform Breakdown

AA L f P1(o: (L:A3  4 Stcp AGV fcr Repair
DELAY: EX 103, 1 ; Repair AGV
ACfIVA- E: A(VA4 A : DISOE ; Re-activate AGV After Repai.r

E3I P DELAY : Q: DI SFOSE

END;



BEGIN:

FlLENAME: LEVEL 2. EXF'

PROJEC T. NA[DEF, WORSHAM . 7/1 2/,:,;

;A! ., ,w t:.,. ent.it ie, 1 attributes, 60 f 3les queues) , and :31 stations

D ISCRETE. , ,, 60 :3, ,I 0'

I :rfJ CZ . M- t1ACHINE., I I , I , 8 , I , I , I., 1 :3, I C),
,-,,:,2 ,2 ,2 , = , , 11 2 ,

1 ,.4 4 , 1 , 1 , 1 1 l, 1
REP FMAN, 1 0

T~ r v a noo re: 1I IC. 10., 1 j000, 4-l b- 6-A, A 9-A, 1;-A,
12-A, I1S-A, 16-A, 1-f I -A;

D istances 1 1-3

1,111.i.1,,1,,1,11,11,11,1i.11,1,,1,,i,.1I,1/ rfro

I I , 2:, 1 .1 , 1 ' 1 , 1 1 4 , 1 1 , I I ,1 1 (), 1 l, 1 , 1 ,1 , 1 :2: ffrcu 4
0 1, I , 16. 2: .. 1, ], I, , 1) , 1, , I , Z, , 1 t 2 , 4, 1 , 1,1,1,1,1 ,2 4/ fr I ,m .5

I1 12 19, 6 1 1I 13, S S 1 ,2 1,7 19,-~12, , I, 1 1 , :3,: 4 f rr -l

l I I I I I I I I I I 1 l j I I I I I I ? I I I f -!, fr7

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1,1 ,1 1,1 ! f r:cr, 5:
S,27:,1, F,2,1 : , L 1 ,1', , 3 41 F ,,,,2,3 14, -219,5,,:3,1/ ffr,
2 ,.7 1 ,I I ' ,..' , 1 , 1 , . , 1 , -',S, , I, 1 -, 21,2'1,'1! fror 10
1 , I 1 2I 1 1 L 1 1 : 1 , 1 f : ./ fr,- m I I

I I 1 1,1, 1 fIr ,',f} 12

1,1,,,1IIII 11,1,1,1 I ' , ir,,!l*,14 ,

11! .1 11 1 1 ,1 f I-

11 I 1 1 1 1 1, 1' trl/r f 14

1 1 1 1 , 1i 1 1 1 I 16 7 t rr c- I
I ' k 1!, , I , ,1, , 1 , , ?7/', 229! frnl 6,

I 1, 1 , 1 1 , , 1 , 1 : 1 1 1 r, c ro I I'
1,10 1 ,1,, 1.2 , 1 ", I r . 1 1 1 2 ) o ] )1 1;3

1 1 , 1 1 26, 27 ! f t ., ,
. . .. , I f-,t, 1 !17;

1(, , ,I / f 2

I ] , • , I -I I I I !o i I 2 :. 1 , I, i o-:1

1 , 1 1 , , 1f, , , f, l"2

1 t r C' f::I

1, ie. ,F. '241, / , . , H - 12/ f , / 1 EX 1-),9.

12!,EX, 4. I ., , 95 / l! H' fr~z 1n ' W / IX 6,) 95

II I7 I f:- rc2, !,! 1,1,2 27 f ,-r 2C
1 !1 ! f %cI , l , 1 ,1;2f9:n,

I , X 17 I 95 / E. EX , 1 / CI , EX1( 19 ) .9-5 /

2',4 , !.- I I 1 9 S / 1:, 'E.2 >(_.i 12 1~~, )2:./ 4,:', I) .9
12! , X, 1 4, 1 9S /S 1I/ Irz r FX I24 S / ICEX( 1,,I) . .

24,EX( 201),.95 / 6E 21,1 ,,95 / :30:
2, EX( 22,1),.95 / 15 EQ 1),.95 / 24,EX 24,1),.95 /

6,EX' ! I 95 / 16.,EX( 26, 1), L ,/ 24,EX( 27,1), .95 /



S -' 9S/ 4,EX' '-., 9k / .92 Xf : 1' ,9S
I.4L / I ,EX( Il ,.4L I L 6 EX :
St(-_X :-:4 1 '5 / 1) EX' :5, 1 .95 0 (tI I. , E: X. 1:7 1'€ 9 IV S, E X- I:X 'Jz F ''-.. ..... /.L~ =, 1 ' 1 L/' 3-' ±

1,'::i . 95 / 2 EX' 40 , L / k,EX' 4 I ' 95 /.A,EX( 42 1 .9S / 4 EX( 43, 1 9S ,,' I6,EX 47 1 . 9 /
20, EX 46, 1 , 9 10 ,EX( 46 1 ? 1/ I ,EX 47 1 ,.95 /

., EX( 4.-! 1 ' 9 ,_ / 2i, EX. 4-i! 1 .,' :-,:
E -' EX " F-1) I a / 'I () EX S 1 I .'EOS / 24 EX S,' , I 4 9s
1t- 5' " 1 9b_ / 4' EX 54, 1 .9b / 12 EX SS 1 95 /
1 s! s9, 1 '95 / 40,EXt 57, 1 -9e / LX6 , , .95 /

i:=, >: L,, , ,:4, I ,LEX ,7-) ,k. ' F4 LE ' k, 1) 4 , -
,.JS,16 EX I ,..9 / '4 EX G I ). b

E- € X( I-- 1 I 9F ), 1 EX( 6-4, 1 AS:, , 24, EX W.- , I ) : .9
E'( , I , 'JE / 10,EX, 70 1 , 5 4 EX FL-. 1 '. /

1-: :: L E- , , E "-'Q / 1 ES b .I
-.,  

/

I ,f_ ,. :.' L ' 4 - 7 , '2 E X:-'..IzCIS , 8 '1 3
4- .. . .. E" X 1. ' I b ! .EX ,, :, : • 1 ., 'q 6 , ! E X  -"9 1 ' i E '
IL ,, _ , j z, ! ', 1 FF 24 E: 7 1 'J5

1' X :r:,I 4 - F- E;: '-(-- 1 ,4_ / 4l ',E 4-7 14 'k.- /

E,_.i-, , : z. , ,-'.L' .2 E 1 9 L 2 EX 9 ,, I . S
I . ft '... i , .._j / _ ,, • .. _ . o _ .

i, S, EX W ,I

N 2 t -, .l / N I UE 2.,N Uz' # I N S.-FN 2 .E
7.',' 1-' , !N ST WF: 4,NQ(4. # IN ST t, 4,:i/

A I, IN S - ' N- Ai Q'L -

. ... . . . ... Ni if... .. , I N f- T r'. i
'-H SJ,' -IN ,9 ,QUEl: i1 N'4g 10- # INq .S;N 10 qi_.E:

1 i .I N : N 1 1 It , , N(,L 2 # IN , H 2 :
[1 '  _.f ' # I N I.''..E 14,N(Q ' 1 4,# IN S-N '4 ''FUE:

t N , ' ' " UE E', N u 4 6 ., # N 'TN I Q (4 ..
1] 4 1 t' -,I l I t/ (..IE 1. N', tI-Ew # !N WIN 1r QUE :

'  
4 if If It - 'TN ' '-j f'i1' .l, IN Ii. _I IN S TN 2T t Q !E '

N , P iN SIN 21 ,:_ IE NQ ' 22', # IN SIN 22 QUE:
2 # I N '--1N H :! QUE -. ', ' 1 Q4 24 ,# I'N !.-; FN 24 Q.E:
. I r, , L - &L I, N''' 2,F # IN STN 26 Q : .

N Q: ,7 # # Ii MN Q.E 2, N'Q' # I N .;N 1_2 ''':
" NI ' -'' # I N TN I" E '' ' N'

',. 4 1 ) 1T]. ... 4. 2 1:;I I. 'E1 ,N ' 44 IN I F ;N 2 ; '

.::4 l..I-. i_'T: L I I OF '-tN S:5 N : E:' !! L OF -STN E

* *4 IN -1 ~ N I 'R !-!4 .4 4IN IN 4 u'
N' L, U IN p FI ! '"' I141 F IN INF S 'tE:

'1 4''' U' I- IN OFiN s 'If NR, E UT I OTN S TNe:

F' t 7 ..r I F L ( _;N1'' 7 :7 NRF'4') UlIL OF -N 4::
:8 ,' ,NR 3. ) UTIL OF S T;N ' :39 N R( LUTIL OF STN 10:
4 F0, 'NR I I U T IIL OF I.;!N 1 1: 4 1 'NF:12 UTIL OF SIN I2:
42,NR, 13 HTIL OF STN 1a 43,NR( 14),UTIL OF I-N 14:
4' NRh'. I ' 'I L. OF ' L.N 11 41!;IN-, NF-. 16) U TIL OF S N 16:
4 N,',IR( ! IL OF T-rN 17 47 NR1.L UTIL OF i_.TN 1::
4k"NH' Il 4'' IL OF [N 17 4T,C 1 ITL OF SrN 20:
., , ', ' li IL OF IN .I:1 , NR (:2 UT IL OF 'STN 2:'

f2 ,NH' ' ' L OF SIN 2?: S:, Nf' 24' U' IL UF STN 24:
4, NFh ... IL IF TN 2b: 5.5 o NH. 26, UTIL OF STN 2,:

L N. f, U1fIL - 'I-N :: 7 N (.2: 11i IL OF STN 28:
L-'-' 1-. " -' ' L OF 'lN I :



'i- MCI - # IN PFFG AF4V 6 UP
6,i) t1 . f IN A t . E (b 6I N- :_:', IN AGV 'uv f<
G2 N,' # IN AV QUE. @' ,:' 6-: , 'N 4 ,# IN AGY QUE @4
It4 Ni C:,. # IN iG) 1 V QUE W; (SNi ) # IN AGV QUE @6
6 Ni /: ) # IN AuV QUE (P7 : 7. N i.:r', # IN AGV QUE @',:
F,' NO)(-',)ft IN AGV vP @9: ',9, Nil 4') # IN AGV QUE @10
7u NQ 4' # IN A(V QUE VI 1 71 N'(- 42.) , # IN AGV QUE @12

72 Ni 4: f IN iV fE :3 7:,N' ) 1:#,: IN AGV QUE @1,4
/4 N4C. # I N AGV .ME (b' i5m 7b, N C46 # IN AG'V QUE @16:
7F. NU( 47), # IN AGV QiUE fb 17 77, NQ 48' # IN AGV QUE e01
7,:-'.' N 4 # IN AG'V Q-ItE 1 fbi 7''' 9, NQ' 5 ' ! # IN AGV QUE P -2

U N,: ..SI lit! iN A:uV fiH(S :;1 , NQ 2 , # IN AGV QJE @
Ny' t: . N AGV Q'U E 2K.,NQ(54) # IN AGV QUE @4:

4, NQ 55:4 # IN AGV QUE ,2 5 S, NQ (6' ) # IN AGV QUE b26

NQ S7 # IN AGV QUE 2' 7 . 7, N S) # IN AGV Q'.E P280
#1,NN 'v A IN A, 5 i' (Ufi- @

M 1 I # OF AG V UP: NT' ) # OF BUSY AGVs
I 4: r # -(F Mt.:H 01 UP: 92 M-.1 * # OF MACH 0,2 UP:

MP(: it OF MACH @s UP: 94, MR( 4 OF MACH @4 Ut-:
-_. , t, # OF MACH (15 HP' 9 MR i 6 # OF MACH 06 UP':
itM ' # OF MACH [P -if 9U MF8: # OF MACH 0: UP:

-,t- .MRi:, if OF MCH @9 UP: 100, MR 1 o # OF MACH 10 UP
I IMRI # OF MACH 0l Ut': 102. MR( 12 # OF MACH @12 UP:
, O:-', r 1 ' ft OF MACH @13 UP: 104,MR( 14) # OF MACH (_b14 U,:
10-,,F,.iS 1 t OF MACH (Pl1 UP: IlE, MR 16M # F MACH @16 UP':
. [.. .M 17' ft OF MACH f-7 UP: if.8:, MR I #1, OF MACH ', UP':

!': 
M

1 ' :
l ' it OF M A(H - Ut-: 11P1 ,Mi2 ) # OF MACH jt Ut-':

I, MRw I # OF MACH Q I UP 12 ,MR(72' # OF MACH 0 22 U-':
1 M,,'! '' ft OF MAC H 2P UP: 114, Mt-4,4# OF MACH @24 UP:

I 1 MM[ OF NA H (b'5 UP: IlE, MR ,# OF MACH 0@26 UP:
1i17. MR7'.7 # OF MACH P'7 UP 11, MR(2),# OF MACH (P2S UP:

'.M ' 4 ': R R' 1 -4 ' OF MACH -.E 'f-q

'iL , 1 ) (I'-.$HEfZ IN 'a/'S;: 12:'3,x(2z' , 'ATFLHES THt-UL CY:54 t LN RFb: ''f3
" ..-'4 ,X A : . L .-L ':- ,rH F-, '-;Y '--

t irtl.c- f,-,I the t : 4, 4a4es

- I' r r i ' 21 7:

; 0 L-,': '_4 ) ',: I 4.00; I 1, L 11  12 0.2 7 1-' ' 8. 0' 14, , ('€.0
5 fit : t- , fi' : 7 , 1 0 21 1j, 0i tO {r fv 1 e!.

typec LI lad L,.t ci serv: Le t)Fmes22, .S fiO 4, f . 25, 1 OO) 26, 1 0 ; 27 1 50; '1 5,

f" 5: (Cf1',:: r) ! ' -' (l : 12. 10 1ff f.. (if,! €): :4 1 ,. ...-' 2 b
type LI. b I:d Liatrh seri ~ce !;irlEt-

*:. ii 0::i , 7 1 5 _,,.,"- ', £ 39 1.0h -40, ''00 4! , 1 .S'' 4 5 :
4 :I (l.l: "4, I . U 4)-, F-6 Oi di if, '0. f' 47, 2. d 4 , 1 . iOr:' -.4 1 5 ':

t ''pa' I Elic bat ch -e,i ce ti mes
7: S1 , 40i S2, O.Sf' 53, 0 21 54, S 5O: 55, :,:.00 56, 5 057, r fi L,/_, 0.27 ,. 21 : 60, 0.5: 61 , 0.50: 62, 0.27

typ deL I d b. tch seI,'vljcce times
6. ( )' F: L 4 I F - , . 50 1 Ft 0 J2 67 .: SO : , . O0 : 9 5 O'.'
if, ' I ..7 7 U. 1 : 73, S : 74, 0 . 75 , 0. 27

t 'y'p,. bl I'dj ba t ch se , I C-' t. ce ti fes

;/ , ' So: 7,," I 5,'.,: ;-.'.. 2.SO: 75 l O : 80, 0:f50: W1, :2.00' 92'. 0 .5(:
Cd-'_._,' ' , .:A. 1 . .O0: :-5 , I . So : :5 I 50 ,9,7 , '2 f FOS:, l .OOJ' 8., 1 O

7 .- - -,) 1 ( ( 1 ' S Cc) 1 .5(1'

AL 14 91, 6.00: 92, 1 .. 0: 96, 1 Sf1:4
type I b d I d- b .,t.ch se'vice t i roes7:S1 452,u u S-:,0 2 4 5 .5 E 0

7, 8S 7 -1, 1 I. 0 i) E 1 *, 0 2



L4, o . : E: , 2S: 9 ;7, 5 -.. ' -S, 1 '99, 4 00: I00, 4 O",

I v \ f I It,!,,-e a r,:d P ev, aIrI' t I rfes

I machine ranIure and repair times

104, 160: 1 S, . :

to I wa:L , kI t. for m 1 : 2, walt fr macti 2:
mw i for mah :'.C 4 w " kt ft mat h 4
S, *.I. !t fop o r a h c 6-, wait- for riach 6,
7,w a-it fAm mach 7 wait for mach h

'c1 'l Il mEc-. ,h -I 1 , wait for riach 1,o
1f c t for mach 11 12 ,wait for ,ach 12
1 : t f r r rach 1:3 14 wait for mach 14
1S w t for mac h 1 16 wai t. for rach 1 E
I w i t foi r ach 7?,,a i t f o p mach 1::
1 ,w it for mach 19 20 v wait for mach 20
- -. fr" mach 1 22-wait- for mach h22

w it fo- h 2i A-I. ,, wait for mach 24:
'w.. t f or fi tC '- 1 ... , 2Iwait fA r mach 26,:

-.'7, :W i t t !:r mach 27: 2 ,ait. for mach 2:
' .:t f'r- ach :9; ,wait fc'r agv (!1f
W .i , .- t. f r agv (P2: . w ait for agv P:-:
u.. 3, t D a- v (p -- 4 waIt fcr aCI & V (bSL

- ' fc' av (,, 6 wait for aigv (P7
7.writ focr a,_n ' , : ... -:, wait for amy '': ..
'-4'. ' iOP . a (. 4i , Iwa t fonn agv':P }

4, ,wait for agv ' 2: 42,wait for agv') @1
4_w 4 't f o q r !A 44 waft fcr agv i!5

4L, i t f or Z- g lt, 4 2 wa it fcr agv 1
47 W't f or aqg _J; 44 wait for ag . v_ 5:

'A' V.-' t f, r, akv L 0"46 wa.it. fcDr anyV W :I
t f ',o wait for ar ;v (1, 2 1

: op ,a]' iS 4 wait fc r aqy 25
w, :r aqv 02I : await for a,'v @27

1 ' ,i ,r av .'- I w it. fo1, egv (2P ,
t' pe 1 t i 0wt, 1 (ME: F i0,type 2 f I cowt. i me

Ed t',pe f I ontirne: ., t.ype 4 f lowt.ime
L:.t p k f Ic',-,tin 1 : E-4 ,t.ype 6 f ':I t. me:

E ,t ' E . i IV, rt, mi: F-, ,overa l f jIow t me

' 'C 
t  

E I ' ( t I ,

end



SIMAN Run Processor
Version 3.5

Li c: ense Nurt, ber ,S...10:±: 9'3

Systems Modeling C:rporation licenses this program for use by

: N,:, "~No th- Car,"ol1in a 'E; tacte

This program may only be used r copisd accrding t., the ters
: :1 that ! ]cer7.-i -, .

P1ea_;e press <return. to be gin the sirmu at]ion.

Rec a ig the F'-iF.t f 1 l 1eve" 2 p

-. rI t '4N I-un F',,.cLc..: ,, ' .r :r c i : L,

y';r :q ht ,3, B - 1 -A:I:t by S:Et." temm rlcdel n, C-:,,rp.

:4 ! (ii 7, ' :f.C!1
4 

.C' C'i F i l I 1i b i

L JI _



S 1 MAN Wiourn, p y Rep::, 1t.

Run Nurbc br I Zf I

Fj' ec t. NOU.LF
Ana 1 vs t: W0R!-.;HAM
[:a w 7/ 1 /9 8

Run ended at. t i ne . 0600LEO:3

Tal lI Variables

Nu.mber Identfier A-erage Standard Mini muni Ma::-: i rnur Nu t:er
Deviation value Value cf Obs

1 W 1 Fu 111 F fR M LCH I O C:,1 0C U c) o Q, QV C (j<O 0
2 1,JA 1 '1 F Ok, MAr:H :20 0 00t O 0 (t:, OO.-.(

' UA 1 T F:R MOCH 1 o00(10 000000) : 0 fO(0 4.

4 W {T 1 F OR MAC H 4 42 1 1 I() 1 0E, 194 0000 .) 4 .S _.,1 40
5 1.1 -,! 1 ,:- 111 HAt:-H s b,141 I I .4S7()2 . C, o C, 4 4('-! 70 -
2W) I F2 0 $,MACH 6 -97 1 .262:-6 .i000) 1 1454!7

3 WAIT FUR MACH 7 C o ((13 1(0,0 It t

: WO I F OF MACH 8._1 (y)00 0 0(O:. .t 1
1.61AWAIT FOR MA :H 9 000C) C)'i0 ( -i(,(

4:() (): 04 ( I t H 0(r1 WA IT FOR MACH 10 Q000 ( Ui:) .000 C

4 1 , r 17 F IfI M,lH 1. - 2
1 1.0 ! U F J MIA( H 12 ('U'0 0 O . t --,j( -

i, Wo I -i F. .P MOt H I 4 (. *0 ,0 C .(. 0. C.j C
I S WA1T FUR M(JR ,S 2 :HS; 4 ,4 W. 4 7 6 1. O 00 1 . , ', !,.'j

it. W(O 1 F P 'ivjH l. ( (lii-i (p (, (0 ( lti( - t((iti 4/ 4(1 1 , 'A .H I / : ' :.' b 114 7 49 - 00 :9 .-

1 14," T -UP. MACH 21 ij -. , C! U 0 0 Q
.1' fl F 0 F. MAC-- 2 .41365:,:,: 1 26271 .00(000 5 . 3497 1-

"i.i' (A (I f) 3R4 MAcH .OC)C,:- . 0 ()0(C ,
4 FP' ), M- , 2 '-,$4l 6, 06007 (y.)I 1? 66 01E,'
3: 4'4I r F - MA' (1CH 2S .,0000 0000 4 ( )ojo 1 

4(26 ~ WAI ViF. M'IA: L p6 U '4 06007 . 00000 1 . 66(O05 t.,

27 -1 f. C ,O MAC:H 26 ''''U 00000 . 00000 O(0().
/~~~~C 44{. 11F VFNiH 2 / C1() 0H 0JQt 0 C)0 Q091

- : I woAI t1 F oF: MA..H 2 C, (9,U C,0( 0 0 U Q U)000
-.- AI Y F OF MAOVH COOoO . 00 00000 . 000 0

1 1I -1 F UPR A c b . 00t0 14 000004 00000C Q ()Q0 Q
* WAP 1 F OR A(SV .O .00000 .00000 0 .00000 0

.2 'A40 F OF1 0A1.,! G 0000 V U U,(,000 .00000 ,
: 4 ('i FiR (IGY b4 . 00 152 .0:o3o .Oo00 . o 01s00 42
:; !,1401 " PUF:r.j:: 06V (IL 0.( 1$5 .oo s5,:, . 000 (0 . (4) -)2'c' I'

z S W () I I FOR "0 V ((I.- 0(016 OQ3?4 0OUL .01 :tH' 17
-',: WA U LK QOV(:" ,'t( U v, )t . (30 O'
- 7 {A 1 1 F i: A P:: . (. K 1 .R,, O o,00 O .*0-00 'f

1'- ifi FOR A'V (P9 00()7l: O02.$: , 00000 .00700
:' WAIl FOR (i6v @1 ( . 00257 .00566 00((00 . 02800 10.

A O IA I 4 FOR AGV @ 11 .00378, . 00505 ,00000 . 01900 . -
41 WA I T FOF: A1V '?' I P ( 1 5(11 . O(j:46 . OtI' . k 1 .sO -



4 FR ) 4009 0)()( o

4 j .- F O 5V I)6 b ~ ~ .0 . 0 0 0 0 0 .0~ 0 0 0 1

4k ~ * : F O 
0 0V (1 ,1 7 0: 6 ~ 00 

1 0 1 0 4

~ -v FUR00458 
00 6 1 . 00000 ) IQ(

4 / LJ I -T FL1 i 0 ~ R1 7 0 0 00 '6 ' *,6 () . 0 000'6- f' j 0 )

4 E , (~ I F O R A Y G 1 -V 'D -0 0 . 0 1->2

49 1FR _G - 0413 0 0Sz7 1:o-o oo(,I((

L 6
W I I FOR A G V @2h1 6"00 .66 6 00)000 000 016 (01 17

64n I[T FOR A6GV 6@22 00700 . 0063700001 
117

q i yU 1 6UR Qj V 0236/ 4 660100 '000) .000C) 000

T J~ FOR AC '3 2 6)66(6' 0(6C)CKS( 6)60 6)00 0

A6 ~ r 1 F R IF ' 3 V~ W -6 6 6 ' ( 6 6 ( ) Cl6 ( ) ( ) (: ) C ) o () ( ( 6 (

wA66'-6 (''66C'PA(:"!'f 9

:. -6r)6~I1t'
6  - 7 77 19 . 19 IS Su I4- L -

y p F F .3 ' 0 1-0 
1  
t ! E 6 ,L~ 'L ~ ( ,

4 
~ Z i o - 4 7 2 , o 2 7

I <( L -OT j T1r t 'E- 17, 7 " 87a9(.74f 77 . 64 Q

L FLOW T iM E 
S c)- .1 L 5o21

T Y P E F f L '6 W F I .7 M E6 '1b? 2 I S -6 4 ' - 1 7 4 9 3. 2 0 a q o 1 
6 0 0

6 4. T W E~ , 6 1 )6 4 1 I M E 1 W S W'j 1 1 , 1 9 4r 6 S 1 8 7 8 S E S 5 . 0 0 2

r0 y T-E - F 1 -'- 1 ME 31 550 12 6Q( oq- ' 0b.622Y 9 . 466:606W))



Discrrete ChIange Vari able

M_- "t ldnt1M Average '.Standard Mi nim umu Ma . irm Tr
Dev i Ct 1ti oin Val 1ue Value Fer i

I # IN uN QmI po oc IF )0o00 ' uuooo . ()- " 1 (, ,-')

2. it i. (-%1 1UE,: ij ij. 
:-, t I [N T-IN :_) 0U 0. 0 .00000(. -00000) .00000 160,. 00

'! , I, 's f N 4 i1 1: 1 1 5 ,0 1 ) S :) (, , , s C, I, ,

N, I .29 84 ( fr -,u ,, .,-if ' ):" -. I) ,iq :_-- . Q .,(11 F a : ,.
I # N'.- IN t- QO!E 000(_:' . 9 6 0000( :,:3: . .C O 00% 160. Q,-.,

7 # IN I TN ' 7 i - ):, -(: . C)(-) 000 . C)i !i C,0

S0 44- i r N hI : i 1 'E C0 4 I)0 ( Ctt 0t 0 j C1 C i) 1 6f .:
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NrE Eng i ne E: j. adei Rewc, r Fa c i. i tvy mu fIi lat icf Da ta

Blades Da:tt-a.

Yearly Blades/'
Wlads Names Quantity B~atch Fr ic i ties

!*F,-,:-:r Stag Turbi ~ne E: 1 -de 10410Q 92 I of-)

T F -- 0 .tt K-q--tu hine B]lade 1 290C 90 1 0.,

IFu 2nd Tubn -ld '3 2-)C9 1 .0C)9

J S 2 C.1 ass- I I1- t Stage Vane A:-: I 0000)(: 1 00 (0,

F 402 2nd + HPT 2 Vane 820C) 1 0(:

Avragei'i Numb:er ofc Hour~ s i n a Fiscal Year: 1 92C.

Numbe r cf Sh if ts c'k dper Day:

Mo'de I~'e i f i c at i:.ns

Number :-i B:lade Types 7

Numaber ojf Machine Centers 28

Ma . mum NumbL:e r of QueuedC *Jobrs for any Shcop 40



Mach ine 'Da t

IOldNe

mtn miimach mD iact-ine INC~nienC latUre CVapac ity !Capaciaty

21 ': C -C) :Mmni-Hip:per 1 N/
:_ -. 07 :Procdulc t. ion-i--H i ppe r 11

4 211 :Dabber Welder 8 4
S 214 PtLO ressure Plasmz-: Spray 'I 1

#F ()1 :Low Pressure Penetrant Iris 1 1
7 2(!-:: utc.' El ec Opctica Sca~nner' 1 1

2 -Braze Clean.wirg II :1
6. F')asmnE* Needle Arc W--elder 2:2

2% r ini ng b P"ol 1ishing Machinle 1 -1 1
ii 2211: (i rf [i I G r inde r22
1 -. !Electrolytic Surface Grinder 17 N/

* 1 : -- 2: *..-:4 :S i .I-Welder.2

4 219 -:Lae~r Mark-er22
IL '3S4L :Cleaning Line2 N/A

16- 2() :Abar Furnatce 5
9 C-'- :Ultra Soinic Cleaner 4 o

-- ;4Q:Degreaser 1I
12-:-Pi: 1 un Am nuru 0:-:ide Bl 1ast

2(.,-.:j Machine 2
1 I ~r-l Furnace6- I N/A

:-2 ;~urill EDM22
--. 22: - W1re EDM 2 2
2'4 2 !7 Glz-ta; EHe-: d Blazst. I I 1
2S *3-1 Vitiratrary Finisher 1 N

' 4 D :,I Ii s -,, E1 e c Wr upho r at i c P r oc
-'-'4 Outside N/uAr

.t When ne c&Piaclt-jles wer? noit av.ai lable:! 1* old capac ities ztssuned



Elade Ro-autes

Blade # I 2 41 S: E' 7
- - - - -- - - - - - -, - - - - - - : - --: ----- -----.

# t Visited 14 14 14: 1:3! 13: 1 :
' .

_

Interarrival Time Avg. 34 0 25: 29: 78 38

st visited : , i: 18 is!: G1 iE
Service Time C 1.5O 0.50: 0.50: 0.27: 0.27: 0SO: 0.25:

2rnd St.t.icn Visited G: 15: is: 101 10 24: 22:
er-,ce Tire , 72 7 2 .0) 1 SC 4: (.o 4.( 0 1 SC CII j

-rd 't t V ,, " i t., : 1 24: is: 241 24 i-_ I(_
Ser.v ic e Tir~ : 4e0 1.)): 2.$0 O SO, ().50: 2 .50 :, .25

4th ;t.kt.ion Visited 24 6: IS is: I s:-; is: is:
Service Time 0 So: 1 0C: 1 .00 0.21 0 21: 1 00 S. 00:

* 5th 't.ati.'cfn Visited: 1 8: i 6: 20 41 4: S',: "24:
-ervice Tirne 0.21 1 00: 8.00: SSo: 8.S0: oSo: 1.00

6 th o;tat.~:an Visited 4 24 1S: 12! 12: 10: 9
:-,.. ... c mE1 : C-: ) 1 SC) I SC - r : : () o C( - rr"

-' ice Ci)e ::1.50 1 SC 0.. S (0 oo ; S(O 4.(CsO:
-------------------------

8th 't aticon Visited I 41: 4. Io: 10: 1: S ,
_=e r v i e Tim rrs,. w)( : '.]o E:.o€o. 8.00;: 8.0C,: 2. SC): 1 SO :

th ' t a t i on Visited. & d C. 1 E. ca_, E, _ E: :, 24:
Service 1 r,,e C S. 0- : 1.00: (). 27: 0.27: 1.0:

:10th Station Visited 6 12: 2). 18 is: 16:
:'Service lime 0.27: 8.: 1E,.00: 0. 21 0. 21 1. SO:

11 t h St st. icn Visited I : 1: 10: 16 1 .: 24:
:Ser' vice Tirne ( 21 II(-).00: 1(.00 0. O 0 i SO:

:12th Station Visited 16: 6 I0 24 24: is:
,:ervice Timte 050: 1.00: 2.50! 0.50 0.50, 2.501

13tr, 'St.atio.n Vis ted 24: 10: 6: E,: 6: 4: I

a:'±e vice Time 1 . 50: 1 50: 1. 0. 27: 0. 27:10.00, a
-- - - - - - - - - - - .....:- - - - - - - - : -----: -----: . . .,

14th Station Visited ,6: 10; 24: : : 16: a

:;erv.ce Time 1 0.27. 2.5. C.50: 2 1.501
- - - -a-I -



E:lade 2e #3 4 6 7

15t h St..at.i o n Visited a a
' r-Lo vi ce T].rine 1.

I It.h StEtt. io n Vi. sited aI
: r'iice Tr~e. I E, (,

1-7th Station Visited a a a 6
E;' vire Tirie aa aa1 .00a(:

1 t.h 3t.att.ion Visited a 24
;:e rv i c e r i vi,,,E C.

ot. :.-arvice T ir: e E;at.ch :6,. 7: 46. 0 60.00 ::,E,. 2:3 :3:6 .S!E. 0 :-;( ;,0
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s 2:.:: 1- 8 2 -5 2 24 f.) 11 24
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1IN -- -E 7 13 E: 1:3 2:-: - 17

WV 19 29 2 i62,-- ,

M I C 2 '1 17 11
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-- ~ 2 2.. f 11

24 E if
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4Dist~ances appro'ximate yzards = 1 gr id o'n Cinema layo ut
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